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CHAPTER   I 

ORIGIN  OF  CLAY 

Definition. — Clay  is  the  term  applie<:l  to  those  earthy  materials 
occurring  in  nature  whose  most  pmminent  property  is  that  of  plasticity 
when  wot.  On  this  account  they  can  l>e  molded  into  almost  any  desired 
sliape,  which  is  retained  when  dry.  Furthermore,  if  heated  to  redness, 
or  higher,  the  materiiii  becomes  hard  and  rork-like.  Phypirailly,  rlay  is 
made  up  of  a  number  of  small  [xirticli^  mostly  of  mineral  character, 
mnging  from  grains  of  coarse  sand  to  those  which  are  of  microscopic 
size,  or  under  one  one-thousandtli  of  a  millimeter  in  diameter.  Minera- 
logically.  it  coasists  (1)  of  many  different  mineral  frafiments,  some  of 
them  fresh,  but  others  in  all  stages  of  decay,  nnd  representing  chemically 
many  iliffercnt  eompriunds,  such  as  oxides,  carbonates,  silic^itcs,  hydrox- 
ides, etc.;  (2)  of  colloidal  material  which  might  be  of  either  organic  or 
mineral  character.^ 

These  points  arc  discu.ssed  in  more  detail,  however,  on  a  later  pope 
(eee  Minerals  in  C'liiys.  I'hypicnl  properties  and  Chemical  composition). 
Weathering  processes  involved. — Clays  are  always  of  &econdar>*  ori- 
and  result  primarily  fmm  the  decomposition  of  other  rocks,  very 
|iicntly  from  rocks  containing  feldspar,  so  that  for  this  reason  many 
writers  have  intimated  that  it  was  always  derived  from  fcldspathic  mcks. 
There  are  some  rock  Ppecics,  however,  tliat  contain  no  feldspar  (s\ich  as 
serpentine),  and  others  with  ver>'  little  (as  some  gabhros).  which,  on 
cathering,  produce  some  of  the  most  plastic  clays  IcnouTi. 


H.  Ries.  Md.  Geol.  Sun-.,  IV.  2.11,  190*2;   A.  S.  Outhman,  Jour.  Amor.  Chem. 
SoG..  XXV.  5. 
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2  CLAYS 

In  order  to  trace  the  changes  occurring  in  the  formation  of  clay  we 
may  take  the  case  of  a  rock  like  granite. 

When  such  a  mass  of  rock  is  exposed  to  the  weather,  minute  cracks 
are  formed  in  it,  due  to  the  rock  expanding  whejti -heated  by  the  sun 
and  contracting  when  cooled  at  night,  or  they  may  be  joint  planes  formetl 
by  the  contraction  of  the  rock  as  it  cooled  from  a  molten  condition.  Into 
these  cracks  the  rain-water  percolates  and,  when  it  freezes  in  cold  weather, 
it  expands,  thereby  exerting  a  prying  action,  which  further  opens  the 
fissures,  or  may  even  wedge  off  fragments  of  the  rock.  Plant-roots  force 
their  way  into  these  cracks,  and,  as  they  expand,  supplement  the  action 
of  the  frost,  thus  further  aiding  in  the  breaking  up  of  the  mass.  This 
process  alone,  if  kept  up,  may  reduce  the  rock  to  a  mass  of  small  angular 
fragments,  or  even  a  mass  of  sand. 

The  rock  having  been  opened  up  by  disintegrative  forces,  the  silicates 
are  next  attacked  by  the  surface-waters,  although  those  exposed  on  the 
surface  of  the  stone  may  already  have  begun  to  change. 

It  has  usually  been  supposed  that  the  decomposition  of  the  silicates 
in  the  rock,  such  as  feldspar,  is  caused  chiefly  by  the  dissolved  carbon 
dioxide,  which  is  probably  always  present  in  the  percolating  watere, 
and  this  view  was  advanced  by  Forschammer  as  early  as  1835,^  as  well 
as  by  other  writers  later;^  but,  as  pointed  out  by  Cameron  and  Eell,^ 
this  is  very  doubtful,  in  view  of  the  fact  that  many  of  the  minerals  found 
in  rocks  are  known  to  be  soluble  in  water  alone,  although  their  solution 
may  take  place  but  slowly.  The  water,  moreover,  is  believed  to  react 
with  or  hydrolyze  them,  as  is  shown  by  the  fact  that  an  alkaline  reaction 
can  be  obtained  with  phenolphthalein,  after  treating  powdered  minerals 
with  water  free  from  dissolved  carbon  dioxide. 

The  rate  of  solubility  varies,  of  course,  with  the  different  minerals, 
the  magnesium-bearing  micas  being  more  soluble  than  muscovite,  and 
albite  more  so  than  orthoclase,  with  oHgoclase  between^  Clarke  *  found 
that  muscovite,  lepidolite,  phlogopite,  orthoclase,  oligoclase,  albite,  leu- 
cite  nephelite,  cancrinite  spodumene,  scapolite,  and  many  zeolites,  all 
dissolve  in  water,  giving  an  alkaline  reaction,  and  the  same  has  been 
shown  of  others.^ 

'  Pogg.  Ann..  XXXV,  p.  354,  1835. 

'Rogers,  Amer.  Jour.  Sci.,  V,  p,  404,  1848;  Bischof,  Naturhist.  Ver.  Bonn, 
XII,  p.  308,  1855;  Daubr^e,  Compt.  ren.,  LXIV,  p.  339.  1867;  Miller,  Tschenn. 
Mitth.,  1877,  p.  31. 

»  Bur.  of  Soils.  Bull.  30,  p.  16,  1905. 

*  Merrill,  Rocks,  Rock-weathering  and  Soils,  p.  234.  1897. 

•  U.  S.  Geol.  Surv.,  Bull.  167.  p.  156.  1900. 

'  See  Bull.  30,  Bur.  of  Soils,  for  numerous  references  on  this  subject. 


The  action  of  water  on  orthoclase  is  assumed  to  be  somewhat  accord- 
ing lo  the  followmg  formuU  *: 
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KAJSiaOa  +  HOH  =  KOH+ HAISi^Oa. 


The  potassium  hydmte  thus  formed  may  unite  with  carbon  dioxide 
to  form  either  a  carbonate  or  bicartmnate  of  potash,  or  it  is  posi^ible 
that  it  may  unite  with  other  acid*,  forming  salts  more  sotubte  than  the 
orthoclai^  in  the  hytJroiyzeil  arid. 
^B  The  HAlSijOij  formed  is  apjiarently  unstable,  and  may  lose  some  of 
^Mts  quartz,  resulting  in  the  formation  of  kaolinite,  pyrophyllitc,  or  dia- 
eporc,  but  the  first  of  these  apfwaR  to  be  more  ecinmionly  fonned  in 
the  weathering  of  feldspar. 

Kaolirdzation.— This  alteration  of  the  feldspar  is  termed  knolinizntion, 
and  the  mineral  kaolinite  is  always  of  s<*fnndary  character.  The  chjmges 
which  take  place  in  the  alteration  of  several  species  of  feldspar  may  be 
given  as  follows: 
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It  will  be  seen  from  this  that  both  the  orthoclase  and  plagioclase 
might  yield  kaolinite;    in  fact  the  plagioclase  varieties  decompose  more 
'adily  than  orthoclase.^ 
\"ogt'*  has  recorded  an  occurrence  of  kaolin  near  Josingfjord,  atEker- 

'  Cumemti  nnd  lie]].  1.  c,  p.  IS. 

'  Rias,  Kiiolifi.H  tiinl    llnf-cliiy-*  of   Europe,  V.  S.  Geo).  Surv.,  19th  Ann.  Rcpt., 
■ft.  VI  (ctil.).  p.  :177,  IS9S;  LeiiiilHTg.  Z«Uch,d.  d.  Geol.  Gee.,  Vol.  35, 1»83;  Rdsler. 
Ncues  Jahr..  lieil    Mrf.  .\V.  2(1  Heft.  p.  231. 

'  Amer.  Innt.  Min.  Eug.,  Traiw.,  XXXI,  p.  151,  1902. 


Prof.  Vogt  believes  that  the  kaolinization  here  is  due  to  the  artioii 
carhonic-acitl  waters,  because  calcite  occaHiona]|y  occurs  with  the  luiolin 
However,  from  what  has  hpfMi  said  on  page  2,  the  presence  «f  this  min 
eral  would  not  neeeKwarily  show  tlmt  the  acid  above  mentioned  ha^ 
assisted  in  the  deromjiosition  of  the  f('liis]jiir,  hut  simply  that  it  lm< 
united  with  the  lime  mM  fit^  during  the  hreaking  up  of  ihu  labradorite. 

While  it  is  prolmble  thai  other  silicates,  sueh  as  hombJemlc  or  augite 
yield  a  hydrous  alumimun  siHcate.it  Ls  not  known  that  it  is  kaolinite, 
but  their  deconiporiitioii  no  doubt  proceeds  in  a  manner  similar  to  tha 
of  feldspar. 

Vogt.-  on  the  other  hand,  states  that  hornblc-nde.  augitc.  beril.  t<>|>ii»j 
etc.,  are  known  to  be  oucasionaily  converted  into  kaolinite,  bu(  jiivca 
no  evidence. 

Quartz,  although  apjx'ircritly  rc^istcnt,  [s^  not  left  untouched,  fnr  i 
too  is  iilightly  .soluble,  but.  aside  from  that  originiilly  present  in  the  n»ck 
silica  may  have  been  liberated  during  the  decomposition  of  some  of  t 
fiilicatf^,  gucli  lis  feldspar. 

It  ha.s  been  found  that  in  soils,  and  the  .same  may  lie  said  of  claj 
quartz   ha.s  aceumulat»l  in   relatively  large  proportions.      It  may 
present  as  quartz,  amygdaloidai  t*ilioa.  or  perhaps  (ither  forms.     The: 
is,  however,  a  tendency  for  it  .to  be  gradually  ehiinged  over  into  othe 
forms  of  quartz  through  solution  and  redepopition.'* 


'  Merrill,  flocks,  Rook-w^aThfrtng  and  Soils,  p,  2\,  1897. 

*  Pmhlenis    in  the  Geology  of  Orp    l)p|M)Mit«.  Trans.  Amer.   Inst.    Mllt.  £t^ 
XXXI.  p.  I.II.  I!K>2. 

'  Ha>e«.  Bull.  Geol.  Soc.  Amer,,  VIII,  p.  213,  1897,  and  Jour.  Geol.,  V,  p.  31 
1897. 
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While  there  is  undoubtedly  lack  of  absolute  proof  that  other  silicates 
than  feldspar  yield  kaolinlte,  all  clays  appear  to  contain  a  variable  amount 
of  some  hydrated  silicate  of  aluminum,  which  may  be  present  in  some 
quantity,  since  it  is  a  highly  insoluble  natural  compound;  and  even 
though  the  statement  is  frequently  made  that  this  silicate  is  the  mineral 
kaolinite,  the  fact  is  at  times  somewhat  difficult  of  proof;  indeed  the 
evidence  is  clearly  against  it  in  some  cases. 

This  hydrated  aluminum  silicate  is  sometimes  referred  to  as  the  clay 
substance  or  clay  base.^ 

KaoUnization  by  pneumatolysis. — Aside  from  the  kaolinization  of 
feldspar  by  the  ordinar}'  processes  of  weathering  it  seems  possible,  and 
even  probable,  that  its  decomposition  may  have  been  brought  about  by 
the  action  of  mineralizing  vapors,  as  at  Cornwall,  Eng.,  where  it  was 
found  that  the  feldspar  of  the  granite  on  both  sides  of  the  tin  veins  had 
been  kaolinized.  This  change  is  attributed  to  the  action  of  fluoric  vapors, 
whose  presence  is  pretty  clearly  indicated  by  the  finding  of  such  minerals 
as  tourmaline  and  topaz. 

That  such  a  process  is  possible  w  shown  by  J.  H.  Collins  ^  who  ex- 
posed feldspar  to  the  action  of  hydrofluoric  acid.  The  feldspar,  accord- 
ing to  Mr.  Collins,  was  converted  into  hydrated  silicate  of  alumina,  mixed 
with  soluble  fluoride  of  potassium,  while  pure  silica  was  deposited  on 
the  sides  of  the  tube. 

With  such  treatment  the  orthoclase  yielded  more  readily  than  either 
albite  or  oligoclase.  The  following  analyses  show  the  effect  of  96  houis' 
treatment  of  orthoclase  with  hydrofluoric  acid  at  60°  F.: 

I. 

Silica  (SiO,) 63  70 

Alumina  (ALO.) 19.76 

Potash  (K.d) 13.61 

Soda  (N  a,0 ) 2 .  26 

Ferric  oxide  (Fe.O.) 71 

Water  (H,0) tr. 


II. 

HI. 

4».20 

44.10 

35.12 

40.25 

.12 

.25 

tr. 

tr. 

tr. 

tr. 

14.20 

15  01 

100.04  98.64  99.61 


T  is  the  original  feldspar. 
II  is  inner  layer  of  alt.ored  feldspar. 
Ill  is  outer  layer  of  altered  feldspar. 


'  The  term  is  now  rather  loosely  used,  however,  and  in  impure  clays  inclndee 
practically  all  of  the  very  finest  particles. 
•Min.  Mag..  1887.  VII,  p.  213. 
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From  the  analT.*8is  it  will  be  Heen  that  the  composition  of  the  outei 
layer  simply  appruxirnutcs  that  of  kaolinite. 

The  artificial  cluy  thu«  pitiduced,  when  exaniine<l  under  the  jnicro- 
scope,  rcsemhietl  washed  kaolin.  It  showed  no  hexagonal  scales,  bul 
contained  a  number  of  minute  colurless  cubes  which  are  supposed  to  b« 
fluorspar. 

I  hu  theory  advanced  by  Mf.  CoDins  was  earlier  suggested  by  Von 
Jiuch  and  Duubr^e.^ 

The  former  early  obsen-etl  the  constant  occnrrenee  of  kaolin  with 
miuerals  containing  fliioiin,  and  suggested  that  the  kaolin  of  Halle, 
Germany,  owed  its  origin  to  hydrnflnoric  aeid^ 

Daubr^  considered  that  the  kaolin  near  St.  Auslell  in  CornwaU.^ 
Central  France,  and  the  Erzgebirge  must  have  had  a  simihjr  origin. 

The  formation  of  kaolin  by  other  causes  than  surface  agencies  hai 
been  referred  to  by  H.  von  Inkey  and  Semper  as  a  procluct  of  propyliti- 
zation  in  some  cases.*  Cross  and  Penrose^  have  .sought  to  sug:pest  a 
pncuraatolylic  origin  for  the  kaolin  found  in  some  of  the  tVipplc  Creek, 
Colo.,  mines,  but  Kansorae  and  Lindgren  ^  have  rather  disputc<i  this. 

If  Mr.  Collins'  tlieor>*  be  correct,  the  kaolin  de|x>sius  .should  extend 
to  great  depths,  but  if  the  kaoHnization  be  due  to  weathering,  then  we 
should  encounter  nndecf»nip«sed  feldnpiir  at  the  limit  to  which  weather- 
ing has  reached.  In  C<)rnwall  the  kaulin  niine;>,  which  are  proljubly  tho 
largest  in  the  world,  have  reac^hed  a  depth  of  over  400  feet  without  thi 
kaolin  giving  out,  while  at  ZettHtz  in  Bohemia  a  similar  deptli  has  been 
proven  with  the  same  result.  The  latler  locality  i.s  one  of  thenaal  ac« 
livity.  In  these  two  instances  the  theor>'  just  mentioned  seems  to  be 
ven,'  reowonable.  There  arc  many  lorahties,  however,  where  the  kaolin 
decrreases  vvith  the  depth,  p;iKsing  into  the  undecomposed  feldspar,  aa 
is  the  case,  for  example,  in  North  Camlina,  where  the  fresh  feldspar  ifl 
met  at  a  depth  of  fiO  to  12(1  ft-et.  in  Pennsylvania,  and  also  in  Delaware. 
More  recently  Hosier"  hius  advnnced  the  view,  on  what  .seems  to  the  writer 
rather  insuffieient  c^■idcnee,  tlrnt  the  kaolinization  of  feldspars  is  nevcc 


'  Annalcfl  des  inine«,  XX,  1841. 

*  Mill.  Tasch.,  1^24.     The  writer  can  stale  from  personal  examinatioa  Ibat  the 
Hallo  knoltrw  were  fom>ed  by  ordinary  weathering. 

*  l^tvidcs  synihi'rifiuns  dn  Cieologie  Evp(^rimpntalc,  1879. 

*  Nuicyag  u.  seine  IjiKerstiitti-n,  Biidai«.'Ht,  1KK.T. 
•r.  S.  Oeol.  Sun-..  16th  Ann.  Ri-pl-.  Pi,  IT.  p.  inO. 

*  V.  S.  f'rfH)!.  ?lurv..  Bull.  254,  p.  21.  lOO-l. 
'  n.  Rosier  BeitraEe  zurkenntnuss  der  KaoUnlafEerNilitten,  Zfeues  Jahrli.  f.  Min 

Cool.  u.  Pal..  XV.  Beilage-Bmid.  2d  Heft.  pp.  231-393. 
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due   lo  iitmoppheric  actinn.  Ijut   lo   post-volcunU'   pneumutnlytic  und 

pneiitnatohyHH  togenic  processes. 
^^       The  very  fui't  tluit  many  of  our  kaoltiiB  piiys  into  iiiKloc-<^»ni]x»sod  feld- 
^bpar  or  feldspathic  rock  when  the  limit  of  weathering  i-s  rear-hed  shows 
^^he  incorrectncKH  of  such  a  broad  stutenient.^ 


Residual  Clay 


I,     i< 


Where  the  clay  is  ihiis  found  overlyiiig  the  rock  from  which  it  wufi 
formed,  it  is  termed  a  rei^idual  day.  bccaiiise  it  represents  the  residue 
f  rock  dec^y,  and  its  grains  are  more  or  less  insohihle. 

If  now  a  granite  wlii(?h  ts  tomposed  chiefly  of  feldspar  dec/iya  under 
weathering  action,  the  rnrk  will  he  converted  into  a  clayey  nuss,  with 
quartz  nntl  inica  scattered  througJi  it.  Remembering  lh:it  the  weJither- 
ing  Ijcgan  at  the  surface  and  Iuls  heen  going  on  there  for  a  longer  period 
than  in  deeper  portioas  of  the  rock,  wc  shoii]<I  expect  to  find,  on  digging 
downward  from  the  surface,  (.-1)  a  layer  of  fully  formed  clay,  (/?)  below 
this  a  pnorly  defined  zone  containing  cUy  and  some  partially  decomposed 
rockfruginent.s,  tf)  a  third  zone,  with. -someday  and  many  rock  fragments. 
gmding  downward  into  Ihe  solid  lied-rrjck.    (Fig.  1.)    Tn  other  words, 


1. — Section  ithowing  the  pn^'H&gc  of  the  fully  fonitptl  nvtiduiil  rluy  rn  the  mir- 
f»oc  into  Ihe  fwilid  I#d-rock  helow.  A,  clay;  B,  clay  and  partly  iJecoin poxed 
rock;  C,  bod-rock  l>clotv,  pacing  upward  into  rock  fragments  >vtth  ii  little  cbiy. 

fhere  w  usually  a  gradual  transition  from  the  fully  formed  clay  at  the 
surface  into  the  parent  rock  beneath.  The  only  exception  U>  this  i.s  found 
in  rlays  derived  from  limestone,  where  the  passage  from  dry  to  rock  is 

'  In  this  connertiiiii,  jtoc  G.  P.  Merrill,  What  Constitutes  a  Clay.  Amer.  Geol. 
XXX,  Nov.  \90'2.  and  H.  Ries.  Origin  of  Kaolin,  Trans.  Amer.  Ceramic  Soc. 
ri.  p.  93,  i'MXJ. 
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sudrlon.  The  reason  for  this  is  that  the  change  from  limestone  into  clay 
does  not  take  place  in  the  sume  manner  u&  granite.  Limestone  confibts 
of  carNmute  of  lime,  or  carbonate  of  lime  and  magnesia,  wnth  a  variaU 
quantity  of  clay  impurities,  so  that  when  the  weathering  agenta  atta 
the  rock,  the  ^ciirbonates  are  diswjlvcd  out  ly  the  surface-watera,  ani 
the  insoluble  clay  inipurilici^  are  left  Ijebilnd  us  u  mantle  on  the  und 
solved  rock,  the  ciiange  froui  rock  to  clay  being,  therefore,  a  tsudden  om 
and  not  due  to  a  gradual  breaking  down  of  the  minerals  in  the  rock, 
in  the  case  of  granite. 

Kaolin. — A  residual  clay  derived  from  a  rock  composed  entirely 
feldsjMir,  or  one  containing  Ultle  or  no  iron  oxide,  is  usually  white  and 
thereforc  termed  a  kaolin;  dHposits  of  this  type  may  contain  a  high- 
percentage  of  the  mineral  kaolinitc,^  this  being  assumed  because,  aftfll 
wiuihing  the  sand  out  of  such  materials,  the  silica,  alumina,  and  watd 
in  the  reniiiining  portii»n  are  in  much  the  same  ratios  as  in  knoluiit«| 
although,  as  previously  mentioned,  other  aluminous  silicates  may 
times  l>e  present. 

A  clay  made  up  entirely  of  kaolinito  Ls  sometimes  termed  a  "pure 
clay,  but  since  the  term  clay  refers  to  a  physical  condition  and  not 
definite  chomicnl   composition,   it  would   perhaps  be  more  correct 
term  kaiilin  the  simplest  f<irm  of  clay. 

There  are  clays  made  up  almost  entirely  of  other  hydrous  aluminu: 
silicates  tlmn  kaoliiiite.  which  are  al^o  termed  kaolins,  as  the  Indinnaiti 
of  Indiana,  or  the  halloysite  of  Alal^ma. 

A  deposit  of  pure  kaolinite  has  not  thus  far  been  found  in  natu 
though  some  very  nearly  pure  occurrences  are  known.  Wiiile  tlie  ten 
kaolin  bs  jtomeliraeM  apj)lictl  to  any  residual  clny,  the  writer  belie\'e8  tbi 
this  designation  should  be  restricted  to  white-burning  residual  clays, 
usage  which  is  wide-spread  but  has  not  become  universid.  The  na 
hfwlin  Is  a  corruption  of  the  Chinese  Kaulintf,  which  means  high  ridge,  a: 
is  the  name  of  a  hill  near  Jauchau  Fu,  where  the  mineral  is  obtained.' 

In  this  connection  it  is  interesting  to  note  thjit,  according  to  Rich' 
hofcn.^  the  rock  from  which  the  Kirg-te-chin    porcelain  is  made  is  no 
true  kaolin,  but  a  hard  jude-like  greenish  rock  whicrh  occurs  betwi 
beds  of  slate.    He  sUitca:  "ThLi  roi-k  is  rc^hiced,  by  stamping,  to  a  whii 
pcnvder,  of  which  the  finest  portion  U4  ingeniously  and  repeatedly  scp 


1  The  t^ntiB  kaolinile,  referring  lo  the  mineral,  mid  kaolin,  referring  Ui  the  j 
nmrw,  arc  often  carelcK'^ly  conftiscd  even  by  svienlific  writers,  mltbough  there  i 
lo  be  litllfl  excuse  for  so  doin^. 

'  Dana.  System  of  Min..  1S92,  p.  687. 

•  Amcr.  Jour.  Sci..  1871.  p.  180. 
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ed.  This  is  then  molded  into  pnmll  bricks.  The  Chinese  difitinguish 
chiefly  two  kinds  of  this  material.  Either  of  tlieni  is  sold  iii  King-lc-chin 
in  the  shape  of  bricks,  and  as  either  is  a  white  earth,  they  offtr  no  vi-ible 
difTerences.  They  are  made  at  different  plaL-a?,in  the  manner  described, 
by  pouDding  hard  njck,  but  the  aspect  of  the  rock  i^  nearly  alike  in  both.] 
cases.  For  one  of  these  two  kinda  of  material  the  place  Kaoling  ('high 
ridge')  was  in  ancient  times  in  liigh  repute,  and,  though  ii  1u»p  lost  its 
prestige  since  centuries,  the  Chinese  still  designate  by  the  name  'luio- 
ling'  the  kind  of  earth  which  was  formerly  derived  from  there,  but  is 
now  prepared  in  other  places.  The  application  of  the  name  by  Berzelitis 
to  porcelain  mrik  wa.s  matle  on  the  erroneoits  supposition  that  the  white 
€arth  which  he  received  from  a  member  of  one  of  the  embassies  (1  tliink 
Lord  AmhcrstJ  occurred  naturally  in  this  staYe.  The  second  kind  of 
material  bears  the  name  Pe-tun-tse  ('white  Hay').*' 
_  The  f(>ltowing  analyses  '  show  the  average  composition  of  (1)  the 
f  natural  material  from  Iving-te-chin,  such  as  w  used  in  the  manufacture 
of  the  finest  porcelain;  (II)  that  from  the  same  locality  used  in  the  so- 
cnlled  blue  Canton  ware;  {III)  that  of  the  English  Cornwall  stone; 
(IV)  washed  kaolin  from  St.  Yricux,  France;  and  (V)  washed  kaolin 
■  rom  Hockcssin,  Del. 

I.              II.  .    HI.  IV.  V. 

Silica  (SiO,) 73.55          73,56  73,57  48.68  48.73 

Alumina  (.4.1,0,) 21.09           18-08  16.47  36.92  37.02 

Ferric  oxide  (Fe,0,) .27           .79 

JJmo(CBO) 2.65             I  58  1   17           .16 

MacnaBJa  (.\IgO) .15             1.08  .21  .52  .11 


PotMh(K,0 .46  \  .^  -g  f  .41 

-    ■      Sa,6) 20©/  ^  *"  ^  \    04 

Wat6r(H^O) 2,62  1.96  2.45  13.13  12. S3 


Sodi(Na,0) 20©/         " ^  '^  \    04 

~  C6r(H^O) 2,62  1.90  2.45  13.13  12.83 

Total 99  62  99.70  99  98  99  83         100, 00 


The  above  analyses  show  a  most  striking  difference  between  the  two 
r  washed  kaolins  and  the  Chinese  clay  and  Cornwall  stone. 

Form  of  residual  deposits.— The  form  of  a  residual  clay  deposit. 
which  Ls  also  varial}le,  dc[X'mLs  on  the  sluipe  of  the  parent  rock.  Where 
the  residual  clay  has  been  derived  from  a  great  mass  of  granite  or  other 
clay-yielding  rock,  the  dep<isit  may  form  a  mantle  covering  a  cnnsider- 
^able  area.  On  the  other  liand,  some  rocks,  eiieh  as  jK-gmatites  {feklspar 
land  qa-irtz).  ocfUr  in  veins,  tliat  is,  in  massee  liaving  but  small  width  aa 
compared  with  their  length,  and  in  this  ease  the  outcrop  of  residual  clay 
along  the  surface  will  fonn  a  narrow  belt. 

'  <;.  r   Merrill.  Non-mctnllip  .MineniJi.  p.  JJl.  1901. 
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Clay  denved  fmm  a  rock  contaioing  much  iron  oxide  will  be  yellow 
red,  or  brown,  depemiing  on  the  iron  iionipoiind-s  praspot.  lietween  tha 
white  clays  and  the  briilianlly  colored  ones  others  arc  found  represent- 
ing all  iDtcrmediate  stages,  so  that  residual  clays  vary  widely  in  their 
color. 

The  depth  of  a  deposit  of  residual  clay  will  depend  on  climatic  con- 
ditions, character  of  the  parent  rock,  topo^ruphy,  and  location.  Rock 
decay  proceeds  verj'  slowly,  and  in  the  cu^e  of  must  ro(*kH  tlie  rate  of 
decay  is  not  to  be  measured  in  months  or  year^i,  but  rather  in  cunlurits^ 
Only  a  few  rocks,  such  as  some  shales  or  other  soft  rocks,  change  to  clay 
in  an  ea.-*ily  measurable  time.  With  other  thinKs  equal,  rock  decay 
proceeds  more  rapidly  in  a  [niiint  climate,  and  consL'<iuently  it  is  in  such 
regions  that  the  greate--'l*  thicknesH  of  residual  materials  is  to  be  looked 
for.  The  Ihicknews  niipht  also  be  affectttl  by  the  chatactt^r  of  the  parent 
rock,  whether  coraposod  of  eaaily  weatliering  minerals  or  not.  Wlicre 
the  slope  is  gentle  or  the  surface  flat,  much  of  the  residual  clay  will  re- 
taxi'm  after  being  formed,  but  on  steep  slopes  it  will  soon  wa.sh  awTiy. 

In  .some  cases  the  residual  materials  are  washed  but  a  short  distance 
and  accumulation  a  flat  or  very  gentle  slope  at  the  foot  of  the  stecpeC 
one,  forming  a  deposit  not  greatly  different  from  the  original  ones,  al- 
though they  are  not.  strictly  speaking,  residual  clays. 

DistributioD  of  residual  clays. — Residual  clays,  lusuiilly  of  ferruginous 
character,  are  found  in  many  p<irtjons  of  the  I'nitcd  States,  but  reach 
their  maximum  de\  elopmcnt  hi  tliat  portion  lying  east  of  the  Mississippi 
and  south  of  the  southern  mai^gin  of  the  ice-sheet  of  the  glacial  epoch. 

North  of  the  terminal  moraine  they  arc  found  only  in  protected  situa- 
tions (Fig.  2}  or  non-glaciate<l  areas.  Thus,  for  example,  an  iniijorlant 
area  of  residual  clay^  derived  from  limestone,  is  found  in  the  driftlcss 
area  of  Wisconsin.^  This  is  a  silty  clay  in  it.s  upper  part,  and  a  tough 
jointed  clay  below,  while  scattered  tlirough  it  are  numeroua  cherty 
fragments. 

A  second  type  of  residual  clay  occurring  in  Wisconsin  is  that,  found 
underlying  the  Potsdam  sandstone  and  has  been  derived  from  the  pre- 
Qimbrian  cn*staltines.  It  represents  probably  the  geologically  oldest 
residual  clay  found  in  the  United  States. 

The  general  character  of  these  residuals  is  much  the  same  whatever 
the  parent  rock.  Nearly  all  are  ferruginous,  and  contain  angular  mineral 
particles,  as  well  as  more  or  less  decompoHcd  ones,  from  which  the  more 
soluble  constituents  have  been  leached  out.  The  colors  range  usually 
from  brown  or  red  to  yellow.    In  the  Piedmont  ;ind  Appalarhian  areas 


»  Chumberlin  and  Salisbury,  6th  Ann.  Rep.  U.  S.  Geol.  Surv.,  p.  2-10.  iS85. 
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the  Southern  States  they  often  attain  great  thickness  and  are  widely 
used  for  brickmakiog.'    In  rare  causes  Uiey  are  formed  fn>m  mcks  mo- 


m 


\l^i^ 


^^V'-'jk 


fv  •.'-:•-; 


I  1 • ,  j  ,  '.  , 


^/-^'V'V 


M'^:- 


Fio.  2. — GDnoraKMd  section  nhowng  three  pn  I'l  n.ciiiTcnces  of  kauUii  in  a 
glaciatwl  country.  1,  limestone;  2,  inifji  in  ',  i>ejcriiaiite;  4.  fold^spathic 
quiirtzilc:  5,  <liirk  gnuiKs;  G.  light  grinito;  7.  d;irk  granite;  8.  kaolin,  pro- 
tected from  glacial  erosion.  Amm-  imlicJitiH  Uireclion  of  icc-movonient. 
(Aft«r  Laugblin.  Conn.  Geol.  and  Nat.  Htst.  Surv.,  Bull.  4,  p.  70,  IQOo.) 

ning  low  in  iron,  such  &£  pegmatite  veins,  and  then  the  clay  is  whitish 
in  color. 

The  following  analyses  ^  represent  the  composition  of  several  residual 
cinya: 

An^altses  or  Residual  Clats 


t'onxliluents 

I. 

II. 

in. 

IV. 

V.      1     VI. 

Vtl. 

VIII. 

IX 

X 

AlA 

71.13 

40.90 

S3.U0 

49   13 

55   42l    40.127 

30.  &6 

(W.27 

77.24 

55  39 

12. yi 

IS  M 

31    4A 

20  OS 

22   17 

13  75 

28  70 

15  25 

26  17 

30   16 

^^' 

».&2 
,45 

.27 

8  &:i 

11.04 

93 

J-    R  .TO 

12  ."^IS 

la  80 

6,97 

7  7B 

8  70 

.45 

.2S 

.16 

.  13 

. 

.64 

P.Os 

Ki*0    

.01 

.03 

.03 

04 

. 

020 

.10 

07 

.14 

.04 

.04 

01 

.08 

OC 

CkO 

.SA 

01 

95 

1    22 

15 

3  5IR 

.37 

24 

.18 

5] 

MkO  ...... 

38 

.73 

1.43 

1    92 

1  45 

.479 

.59 

43 

.38 

1   27 

kjo. 

2  19 

.80 

1    45 

1   33 

17 

,(K» 

tr. 

.40 

.29 

70 

).6I 

.03 

.83 

1  m 

2  32 

lis 

ir- 

.8€ 

4.41 

4  03 

A? 

M.C3 

•10  4R 

•10.79 

♦11   72 

•9.8fl 

T27 . 44 1 

13  26 

8.2 

7  3S 

.43 

.30 

20 

3U 

2.251 

cv. 

IQ 

.34 

22 

1  09 

i — 

100  .'39 

lUO  dO 

100  09 

100  08 

99  84 

100.031 

100.07 

98.09 

09  27 

98.30- 

^H  t  CoTtUiins  11.21  per  oont  of  onpuiic  nutter. 

Nob.  1, 11,  III.  and  IV  are  limestone  residuals  from  southern  Wiscon- 
sin. Nos.  I  and  II  are  from  the  some  vertical  section,  I  being  4J  feet 
fn>m  the  surface,  and  II  SJ,  and  in  contact  with  the  underlying   lime- 

(•  G.  P.  Merrill,  Rocks,  Rock-wp»thering,  auJ  Soils,  p.  301;   1.  C.  Russell,  U   S. 
bl.  Surv.,  Bull.  52,  1.S84-85:  II   Ries;  U.  S.  Qcol,  Surv.,  Prof.  Pap.  11. 
,  '  O.  P.  Merrill,  Rocks,  Rock-wejitbering,  and  Soils,  p.  306. 
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stone.  Nos.  Ill  and  IV  are  Bimilarly  related,  IIL  being  3  feet  frona  the 
siirfiice,  and  IV  4J  feet,  the  lower  sample  lying  on  the  unchanged  rock. 
*'  rho  larger  percentages  of  silica,  in  samples  from  nearest  surface,  are 
due  to  higher  state  of  decompc^ition,  the  soluble  portions  having  been 
more  largely  removed.  The  presence  of  larger  percentages  of  alkalies 
in  these  same  samples  indicates  that  these  salts  existed  in  the  fonn  of 
silicates  which  have  resisted  the  decomposing  influenceSi  and  remain 
mechanically  included  in  the  residues."  No.  V  represents  a  residual  from 
the  Knox  dolomite  at  Morristown,  Ala.;  VI  is  a  red  earth  formed  by  decay 
of  Iterrauda  coralline  limestone;  VII  is  a  diabase  residual  from  Wades- 
bom,  N.  C;  VIII  a  gabbro  subsoil  from  Maryland;  IX  a  Trenton  lime- 
stone residual  from  Hagerstown,  Md.;  and  X  a  Triassic  limestone  residtial. 
The  texture  of  some  of  the  above  residual  soils  has  been  detennined 
as  follows*: 


Mechanicaii  Analtbes  op 

Residual  Clats 

t<«nicke. 
mm. 

Num. 

1. 

IL 

IIL 

IV. 

V. 

2-1 
1-5 
.3     -  25 
.25-1 
.1     -  IV5 
05  -  01 

Silt' 

.54 

.32 

.72 

.62 

4  03 

36.02 

14.99 

41.24 

.17 

.00 

.15 

.25 

2.34 

19. Ol 

20. SS 

51.77 

.00 

.23 

1.29 

4.03 

11.57 

3S.97 

S.S4 

32.70 

.00 

.26 

.18 

.66 

6.73 

47.32 

10.04 

34.90 

.19 
1.80 
3.12 
6.96 
8.76 
34  92 

.01  -.005 

12  14 

.005-. 0001 

CUv 

28  82 

Total  mineral  matter 
Org.  mattn-,  water. 

SS.4S 
1.52 

94.60 
5.40 

97.63 
2.37 

94.44 
5.56 

96.71 
3.29 

100. 

100. 

100. 

100. 

100. 

TRAXSPV>RTED  CIATS 

Sediincntazy  clays 

Origin. — .As  mratiomHi  :;bove.  reeidiial  clays  rarely  remun  on  sleep 
-f^Io^v:>;.  but  irv  w:t5het.i  an'Hy  by  rain-stomx?  into  streams  and  cutied  off 
by  these  :o  lonvr  and  :A^metini«s  distant  arms.  Br  this  meus  iwMilml 
o^a}-^  rwsibly  of  di^erer:  character  mav  be  washed  down  into  tfaeame 
stretvn:  Ar-i  '.'twr!:;^  aiixtxi  :oeether.  Thfc  process  of  vash  and  toans- 
cvr^it^-^c  car:  be  ^etc  in  scy  abajidoced  clav  bank,  where  the  day  of  the 
sicrvs  s;  w:i^hevi  clown  and  spread  out  over  the  bottom  of  the  fat. 


-  M-  WhitwT.  Slarrlacd  .Xxriwih.  Exper.  Sea..  BdL  21. 1^03. 


» 


Flo.  1. — Section  showing  beds  of  stratified  clay  overlain  bv  glacial  drift. 
(After  Rips.  N.  J.  <;«il.  Surv..  Kin.  Kepi..  VI.  p.  440.) 


Fio.  2. — Bank  of  clay  shois-ing  white  sand  on  right,  passing  into  a  black  clay  on 

hthe  left.     (After  Riea,  N.  J.  CJeol.  Surv.,  Fin.  Kept..  VI,  p.  12,  1904.) 
^ ' 
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OIUGIN  OF  CLAY 

As  long  as  the  stream  maintains  ita  velocity  it  will  carry  the  clay  in 
suspension,  but  if  its  velocity  be  checked,  so  tliat  the  water  becomes 
quiet  an<!  free  from  currents,  the  particles  begin  Ui  settle  on  the  bottom, 
forming  a  clay  layer  of  \  arial)Ie  extent  and  thickness.  This  may  be  added 
■to  from  time  to  time,  and  to  such  a  deposit  the  name  of  sedimentary 
clay  is  applied.  All  swlimentarj-  clays  are  stratified  or  made  up  of  layers, 
this  licing  due  to  the  fact  tliat  one  layer  of  sediment  is  laid  down  on  top 
of  another  (Plate  U,  Fig.  1).  If  there  were  aljsolutely  no  difference  in 
the  cliaractcr  of  the  material  deposited,  it  would  form  one  thick  homo- 
gpneourf  bed,  but  there  ia  usually  more  or  less  variation,  a  layer  of  very 

kfine  material  being  laid  down  at  one  time  and  a  layer  of  coarser  material 
pn  top  of  it,  or  vice  vetv^a.  These  layers  may  also  vary  in  thickness,  end 
^oe  there  is  less  cohesion  between  unlike  particles,  the  two  layers  will 
tpcnd  to  separate  along  their  line  of  contact. 

Aij  the  finer  material  can  only  be  deposited  in  quiet  water,  and  coarse 
material  in  disturbed  waters,  so  from  the  cliaract^r  of  the  deposit  we 
<»n  read  much  r^arding  the  conditions  under  which  it  was  formed. 
If.  therefore,  in  the  same  bank  alternating  layers  of  sand,  clay,  and 
^avel  are  found,  it  indicates  a  change  fnjiii  disturbed  to  quiet  water, 
^■and  still  later  rapid  currents  over  the  spot  in  whic*h  these  materials  were 
<leposiled.  The  commonest  evidence  of  current  deposition  is  seen  in  the 
crwss-bedded  structure  of  some  sand  bt^ls  where  the  layers  dip  in  mnny 
^■xlifTercnt  directions,  due  to  shifting  currents  which  have  deposited  the 
sand  in  inclined  layers.  The  l)cds  of  thinly  stratified  or  laminnted  sands 
And  plays  found  in  many  of  the  Oetaccftus  and  Tertian.'  deposits  of  the 

I«oastal  plain  are  another  example  of  rapid  changes  in  the  conditions  of 
<lepoRition. 
Sedimcntar)"  clays  can  be  distinguished  from  residual  clays  chiefly 
"by  their  stratification,  and  also  by  the  fact  that  they  commonly  bear 
BO  direct  relation  to  the  underlying  rock  on  which  they  may  rest. 

Structural  irregularities  in  sedimentary  clays. — Al]  scdimentarj-  claya 
resemlile  each  other  in  being  stnitified,  but,  aside  from  this,  they  may 

■  show  marked  irregularities  in  structure. 
Thas,  any  one  bed,  if  followed  from  point  to  point,  may  show  varia- 
tions in  thickness,  pinching  or  nnrmwiug  in  one  place  and  thickening  or 
tewolling  in  others,  as  shown  in  Fig.  3. 
In  digging  clay  the  minor  often  6nds  streaks  of  sand  extending  through 
the  deposit  and  cutting  through  several  different  layers,  these  having 
been  caused  by  the  filling  of  channels  cut  in  the  clay  deposit*!  by  streams 
after  the  elevation  of  the  fonner  to  dn-  land.  Occasionolly  a  bed  of  clay 
may  be  extensively  worn  away  or  corraded  by  currents  subsequent  to 


■ 


its  deposition,  leaving  its  upper  surface  very  uneven,  and  on  this  sn 
entirely  different  kind  of  material  may  be  deposited,  covering  the  earlier 
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Fio.  3, — Cieoeralued  section  showing  how  lieUs  may  vary  both   honzontatly^ 

and  vertically. 

bed,  and  filling  the  depressions  in  its  surface.    If  the  erosion  has  \hh 
deep,  adjoining  pits  dug  at  the  same  level  nmy  find  clay  in  one  case  ai 
sond  in  ihc  other  (Fig.  4).     Such  irregularities  are  known  to  occur 
both  clay^  and  shales. 


Flo.  4.— Section  HhowinB  uneven  boiindarj*  of  two  cli^'  bods,  ilue  to  enmion  ofj 
one  9>cforc  deposition  ot  the  other. 

While  in  many  instances  the  clianges  in  the  deposit  itre  clearly  vi^l 
to  the  naked  eye,  variations  may  also  orcur,  due  t*i  the  same  cause.  whicH 
would  only  show  on  Ininiing.    'I'has.  ffir  example,  the  yo-called  relorl 
clay,  found  in  the  Woodbridgc  region  of  New  Jersey,  is  similar  in  its  pla« 
qualities  wherever  found,  but  the  shrinkage  of  that  found  in  (he  dIfTerei 
pits  is  not  always  the  same,  because  it  varies  in  fineness  ftDm  place 
place.    It  may  aW>  vary  in  color. 

CLASSIFICATION  OP  SEDIMENTARY   CLAT8 

The  general  charartcr  of  pcdimcntari-  clays  is  more  or  less  influenc 
by  tlie  locality  and  conditions  of  dcpc>sition,  which  enables  us,  ther 
fore,  to  divide  them  info  the  following  classes: 


^  wni 


Marine  clays. — This  class  includes  those  sedimentary  claj's  deposited 
on  the  ocean  bottom,  where  the  water  is  quiet.  They  have,  therefore, 
been  laid  down  at  some  distance  from  the  shore,  since  nearer  the  land, 
^where  the  water  in  shjiUowcr  and  dl'iturbeti,  only  coarser  materials  can 
!  deposited.  Beds  of  clay  of  this  typo  may  be  of  vast  extent  and  great 
thickness,  but  will  naturally  show  some  variation,  horizonUilly  at  least, 
because  the  different  rivers  flowing  into  the  sea  ustially  bring  down 
diflferent  classes  of  material. 

Thus,  one  stream  may  earn,*  the  wash  fmm  ;m  area  of  irnn-st.iined 

a3^  and  another  the  drainiige  from  an  area  of  white  or   light-colored 

ay.    Ajs  a  sediment  spread  out  over  the  bottom,  the  areas  of  dof)osttion 

might  overlap,  and  there  would  thus  be  formed  an  intrrmediute  zone 

made  up  of  a  mixture  of  the  twr)  sedinient«.    This  would  show  itself  later 

as  horizontal  transition  from  one  kind  of  clay  to  another.    These  changes 

may  occur  gradually,  or  at  other  times  within  the  distance  of  a  few  feet 

(PlateH,  Fig.  2). 

I       The  laminations  produced  by  vertical  changes  are  shoT^Ti  in  Plato  II, 

Fig.  1. 

The  most  persistent  beds  of  this  class  are  found  in  the  rocks  of  the 
Silurian.  Devonian,  and  Carboniferous  systems,  but  beds  of  considerable 
horizontal  extent  are  at  times  found  in  the  Mf-sozoic  formatioai. 

Estuarine  clays. — These  form  a  second  typo  of  some  importance  in 
certain  areas.  They  represent  bodies  of  clay  laid  dpwn  in  shallow  anna 
of  the  sea,  and  are  consequently  found  in  arcan  that  arc  comparatively 
long  and  narrow,  with  the  deposits  showing  a  tendency  towards  Imsin 
shapes.  If  strong  currents  enter  the  estuary  from  its  upper  end,  the 
settling  nf  the  clay  mu<i  may  be  prevented,  except  in  areas  of  (|uiet  water 
in  recesses  of  the  bay  shore.  Or,  if  the  twtuurj-  is  suppHod  by  one  stream 
at  'lis  head,  and  this  of  tow  velocity,  the  finer  clays  will  he  fuimd  at  a 
point  most  distant  fn>m  the  mouth  of  the  river,  In  such  ca^;es  wo  should 
anticipate  an  increa.sc  in  coarseness  of  the  clay  bed  or  scries  of  beds  08 
they  are  followed  from  what  was  formerly  the  old  shore  line  up  to  the 
mouth  of  (ho  former  river  that  brought  down  the  sediment. 

K(*tuarine  clays  often  show  sandy  laminations,  and  arc  not  infre- 
quently assoemted  with  shore  marshes,  due  to  the  gradual  filling  up  of 
the  c.stuar>-  and  the  growth  nf  plants  on  the  mud  flats  thiLs  formed.  The 
clays  of  the  Hackenaack  region  of  \ew  Jersey  and  those  of  the  Hudson 
Valley  of  New  York  are  good  examples  of  estuarine  deposits,  formed 
at  the  close  of  tlie  glacial  jwriod.  when  the  region  around  the  Palisades 
^irtood  soraewliat  lower  in  res|«M'r  to  fifu-level  than  at  present.* 

^P^~*~Reitorl  on  Claciiil  (jcolngy,  N.  J.  Geol.  Survey,  Vol.  V,  p.  196j  and  N.  Y, 
State  Bluseum,  Bull.  35,  p.  576. 
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Swamp  and  lake  clays. — Swamp  and  lake  clays  constitute  a  third 
claiw*  of  dcp>sits,  which  huve  been  fornieU  in  basin-shajjcd  (Jcprcssions 
occupied  by  lakes  or  swamps.  They  represent  a  commnn  type,  of  vari- 
able extent  and  thickncs-s,  but  all  agree  in  being  more  or  less  bttain- 
shaped.  They  not  infrerjucntly  show  alternating  beds  of  day  and  Baad 
the  latter  in  such  thin  laniinip  aa  to  be  readily  overlooked,  but  eaii:s1ng  the 
clay  layers  to  split  apart  ca-sity.  Many  of  the  lake  rlay.s  arc  directly  or 
indirectly  of  glacial  origin,  having  been  laid  dou-n  in  l)a.sins  or  hollows 
along  the  margin  of  the  continental  ice-sheet,  or  else  in  valleys  that  hav 
been  dammed  up  by  the  aecumulotion  of  a  mass  of  drift  across  them. 
This  wall  of  drift  ser\es  to  obstruct  the  drainage  in  the  valley,  thus  giving 
rise  to  a  lake,  in  which  the  day  has  been  deposited.  Cluy  beds  of  ttua 
type  are  extremely  abundant  in  all  glaciated  rt^ions.  They  are  usuall; 
surface  deposits,*  often  highly  plastic,  and  more  or  less  impure.  Tbeir 
chief  use  is  for  common  brick  and  earthenware,  and  they  are  rarely  of 
pefracton,'  character. 

Flood-plain  and  terrace  clays. — Many  rivers,  especially  in  broad  val- 
leys, are  bonlered  by  a  terrace  or  plain,  there  being  sonH^timos  two  or 
more,  extending  like  a  series  of  shelves,  or  steps,  u[i  the  valley  side.  The 
lowest  of  these  is  often  («vered  by  the  river  during  [teriods  of  high  water, 
anri  is  r-onsetpiently  termed  the  flood-plain.  In  such  times  much  elay^ 
.sediment  is  added  to  the  surface  of  this  flood-terrace,  and  thus  a  flood- 
plain  clay  deputiit  may  be  built  up. 

Owing  to  the  fact  that  there  is  usually  some  current  setting  along 
o\'er  the  plain  when  it  is  overflowed,  the  finest  sediments  camiot  settle 
down,  except  in  protected  spots,  and  consequently  most  terrace  claya 
are  rather  sandy,  with  here  and  there  pockets  of  fine,  plastic  clay.  They 
also  frequently  ct)ntain  more  or  less  organic  matter.  Along  its  inner 
edge  the  terrace  may  be  covered  by  a  mixture  of  clay,  sand,  and  stones, 
wiLshed  down  frora  neighboring  slopes. 

Where  several  terraces  are  found  it  indicates  that  the  stream  was 
formerly  at  the  higher  levels,  and  has  cut  down  its  bed,  each  termoe 
representing  a  former  flood-plain.  FAen  along  I  he  same  stream,  however, 
the  clays  of  the  several  terraces  may  vary  widely  in  their  diameter,  t^hose 
of  one  terrace  being  perhaps  suitable  for  potter\',  and  those  of  the  sec- 
ond being  av.nilable  only  for  common  brick  and  tile.  Examples  of  sueh 
clavs  are  to  be  found  in  most  regions. 

Drift  or  bowlder  clays.— In  that  portioaof  the  United  States  formeriy 
covered  by  the  continental  ice-sheet  there  are  occasional  deposits  of  clay 
formed  directly  by  the  glacier.    These  are  usually    tough,  dense,  gritty 


1. — D«poait  of  stony  gbtial  lUty.     lAfter  H.  Hies,  N.  J.  Geol.  Surv., 
Kin.  Kept..  VI.  p.  I2H.) 


2. — Clay  pit  in  I-ignitic  Tertiary  formation,  Athena,  Tex.     Shows  gently 
dipping  layers.     (Photo  by  H,  Rie.i,  1903.) 
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clays,  often  containing  many  stones  (PI.  III.  Fig.  1).  The  niaterial 
deposited  by  llie  ice  (till)  was  uauflUy  loo  stony  and  sandy  to  serve  as 
clay,  although  often  known  as  bowlder  day.  Locally,  however,  althoiigh 
the  ice- transported  material  has  been  largely  ground  to  a  fine  rock  flour, 
the  bowlder  clay  is  plastic  enough  and  not  too  full  of  stones  for  use. 
Such  deposits  are  mostly  of  limited  extent,  impure,  and  of  little  value. 

In  addition  to  this  type  of  clay  formed  directly  by  the  ice,  there  were 
clays  deposited  in  lakes  or  alcm^  flmid-plainH  by  tlie  strenms  issuing  from 
the  glacier.  These  were  composed  uf  material  derived  fnim  tiic  ice.  but 
since  they  were  deposited  by  water  they  were  stratified,  and  may  properly 
be  clitssed  as  lacuiitrine,  estuariiie,  or  flood-plain  clays  of  glacial  age. 
Bowlder  clays,  although  abundantly  di;^tributed.  are  often  too  stony  to 

of  much  value  for  the  manufacture  of  day  products. 

^olian  clays. — Tn  many  parts  of  the  Weyt  there  is  found  a  isilty.  often 
calcareous  day,  termed  the  loess.  This,  although  commonly  a  water 
deposit,  may  at  times  have  been  formed  by  wind  action.  It  could  there- 
fore pnjperly  be  classed  as  transported  day,  and  would  also  show  a  strati- 
fied structure. 


CI^SSIFICATION  OF  CLAY  DEPOSITS 

Clays  may  be  classified  according  to  their  origin,  chemical  and  physi- 
cal properties,  or  uses.  To  the  geologist  the  first  is,  perhape,  the  most 
) important,  to  the  technologist  the  second  and  third  are  of  more  interest. 
Several  such  classifications  have  api>eared  in  the  United  States  in  the 
last  few  years,  most  of  them  baaed  primarily  on  genetic  features,  and 
sometimes  secondarily  on  the  properties  of  the  day.  They  include  the 
following: 


Orton's  classification.* 


^M     (50  per  cent  or  more  kaolin) 
^m  with  silica. 


Low-grade  clays. 


(10  to  70  per  cent  kaolin  with  no- 
table per  cent  fluxing  elcment*s. 


1.  TCaoIm. 

2.  China-clay. 

!i.  Porcelain-clay. 
-1.  fire-clay  (hard). 

5.  Fire-day  (pia-stin). 

6.  Potter's  day. 

1.  AigUlaceous  shale — Paving-bloek. 

2.  Ferruginous  shale — Pressed  brick. 

3.  Siliceous   days — Sewer-pipe   and 

paving-block. 

4.  Tilc-cluya. 

5.  Hrick-clays. 

6.  rulcjireoTLs  ahales — Brick. 


•  Ohio  Geol.  Survey,  VII,  p.  52. 
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Quality  is  made  the  basis  of  division  in  the  above.  Nos.  I,  2,  and 
«f  the  first  group  are  practically  the  same,  and  the  subdivisions  of  grou 
2  arc  not  always  dl'^tinct.  The  term  kaolin  is  Uf^cd  incorrectly,  kuolinit 
being  Intended  instead. 

Wheeler's  classification.' 

1.  White  ware  clays. 
Kaolin. 
China-clay. 
Ball-clay.  « 

2.  Refractory  clays. 
Plastic  fire-clay. 
Flint^ciay. 
Ilcfrartory  shale. 

3.  Pottery-clays. 

4.  V^itrifying  clays. 
Paving-brick  clay  and  shale. 
Sewer-pipc  clay  and  shale. 
Roofing-tile  clay  and  sljale. 

'  5.  Brick-clays. 

Common-brick  clay  and  shale. 
Terra-cotta  clay  und  sliule. 
Drain-tile  clay  and  shale. 

6.  Gumbo  clays — Burnt-ballast  clay. 

7.  Sbp-c!ays. 

The  qualities  or  uses  of  the  materials  are  here  again  employed 
bases  for  subdivision. 

.Such  a  classification  is  Romewhat  unsatisfactory,  for  the  reason  thfttj 
-one  kind  of  clay  mijilit  be  used  for  several  purposes. 

Ladd's  classification.^ 

Indigenous. 
A.  Ivaotitts. 

(a)  Superficial  sheets. 
{b)  Pockets. 
(c)   Veins. 
Foreign  or  transjx>rtetl. 
A.  Sedim(*ntar>'. 


'  Mo.  Geol.  Siirv.,  XI.  p.  25.  1807. 
■Ga.  GeoL  Surv.,  Bull.  SA.  p.  12.  189B. 
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(a)  Marine. 

1.  Pelagic  (deposited  in  deeper  water). 

2.  Littoral  (deposited  near  abore). 

(&)  lAcusthne  (deposited  in  fresh-water  lakes), 
(c)   Stream. 

1.  Flood-plain. 

2.  Delta. 

B.  Meta-sedimentary. 

C.  Residual. 

D.  Unassorted. 

Under  the  Indigenous  are  included  those  clays  formed  by  the  decay 
f  feldspar  and  other  aluminous  siUcates  in  place.  The  Foreign  or  trans, 
lorted  embrace  all  sedimentary'  deposits.  The  meta-sedimentary  c\&y& 
re  chemical  products  resulting  from  the  decomposition  of  other  trans- 
lorted  materials,  such  as  volcanic  tuffs,  pumice,  etc.  The  residual  clays 
acUide  the  insoluble  residue  left  by  the  dissolving  of  limestones,  wtiile 
inder  unassorted  are  included  the  glacial  ones. 

The  term  kaolin,  as  here  used,  includes  all  residual  clays,  except  those 
.erived  from  limestones,  and,  since  it  is  not  restricted  to  white-burning 
nes,  its  use  is  unfortunate.  Furthermore,  the  placing  of  limestone  re- 
iduals  in  a  separate  class  seems  a  rather  fine  distinction.  Delta  clays 
lardly  seem  of  sufficient  importance  to  warrant  being  placed  in  a  separate 
lass,  and  are  rare. 

Buckley's  classification.^ 
I.  Residual  derived  from 

A.  Granitic  or  Gneissoid  Rocks. 

B.  Basic  igneous  rocks. 

C.  Limestone  or  dolomite. 

D.  Slate  or  shale. 

E.  Sandstone. 
II.  Transported  by 

A.  Gravity  assisted  by  water. 

Deposits  near  the  heads  and  along  the  slopes  of  ravines, 

B.  Ice. 

Deposits  resulting  mainly  from  the  melting  of  the  ice  of 
the  glacial  epoch. 

C.  Water. 

Marine. 

Lacustrine. 

Stream. 


1 


»  Wifl.  Geol.  Surv..  Bull.  Vll.  It    I.  p   14. 
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D.  Wind. 
Loess. 

E.  Orton  Jr.'s  classification.^ 

A.  Primary  or  residual  clays. 

I.  Entirely  decomposed  feldspathic  roclc. 

Kaolin  or  china  clay. 
II.  Partially  decomposed  feldspathic  rock. 
English  Cornwall  stone. 
Porzellanerde  of  the  Germans. 

B.  Secondary  or  transported  clays. 

1.  Deposited  in  still  water. 
(a)  Fire-clays. 

Highly  refractory, 
Flint  fire-clay. 
Plastic  fire-clay. 
Moderately  refractory. 
No.  2  fire-clay. 
Stoneware-clay. 
Sewer- pipe  clay. 
(6)  Shales. 

Slaty  shales. 
Bituminous  shales. 
Clay  shales. 
II.  Deposited  from  running  water. 
Alluvium. 
Sandy  clay. 
Loam. 

III.  Deposited  by  glacial  action. 

Leached — Whitish  or  red  bowlder  clay. 
Unleached — Blue  bowlder  clay. 

IV.  Deposited  by  winds. 

Loess. 


i  '  Grimsley  and  Grout's  classification.^ 


I.  Residual  clays. 

1.  Kaolin. 

2.  China-  or  porcelain -clay. 


'  Quoted  by  Beyer  and  Williams,  la.  Geol.  Surv.,  XIV  p.  40,  IQa 
»W.  Va.  Geol.  Surv.,  Vol.  Ill,  p.  70.  1906. 
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U.  Transported  clays. 

A.  Refractor)-  (fluxing  impuritips  low). 

3.  Flint  fire-flaj-. 

4.  I'lastic  fire-elay. 

B.  Semi-refmctorj-  clay  (fluxing  impurities  medium). 

5.  Paving-br'.ck  day  and  ^^liale. 

6.  Sewer-pipe  clay  and  Hhale. 

7.  Roofing-tile  clay  and  .sliale. 
S.  Stoneware- clay  and  shale. 

C.  Non-rcfroctory  (fluxing  impurities  high), 
9.  Pottciy'  clay. 

(n)  Hftll-clay. 

(6)   Flower  pot  clay. 
10.  Brick-  and  tile-clay  and  Rhale. 

(a)  Ornamental  brick-clay  and  shale. 

(6)  Terra-cfilta  clay  and  shale. 

(c)  Ornamental  tile-clay  and  shale. 

(rf)  ('ommon-hriek  ond  tile  clay  and  shale. 
H.  CiumlK)  iHillast-clay. 
12.  Slip-clay. 

Ries'  classification. — The  {ollowing  classification  suggested  by  the 
author  is  an  amplification  of  one  proposed  by  him  some  years  ago  ': 

A.  ResWuiil  claya.    (liy  decomposition  of  rocks  in  situ.) 
^B  I.  Kaolins  or  china-clays.     (While-Uuming.) 

^^^^  (a)  \'eins,  derived  from  pegmatite. 

^^^^  (6)  Blanket  depot^its,  derived  from  extensive  areas  of  igneous 

^^^H  or  metamorphic  rocks. 

^^^P  (c)   Pockets  in  limestone,  an  indianaite. 

^B  TI.  Red-burning  residuals,  derived  from  different  kinds  of  rocks. 

^KB.  Colluvial  clayp.  representing  deposits  forme<l  by  wash  from  the  fore- 
H  going  and  of  either  refracton'  or  non-refractoiy  character. 

C.  Transported  plays. 
I  I.  Deposite^I  in  water. 

(a)  Murine  clays  or  shales.    Deposits  often  of  great  extent. 
White-burning  cloys.    B."]l-clayE. 
Fire-clays  or  shales.     Buff  btiming. 

f  Calcareous. 

1  Non-calcareous. 


Impure  clays  or  shales. 
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^)  Lacustrine  clays.     (Deposited  in  lakes  or  swamps.) 
Fire-clays  or  shaltti. 
Impure  days  or  shales,  red-burning. 
CulcartKJiis  clays,  usually  of  surface  character. 
(c)  Flood-plain  clays. 

Usually  impure  and  sandy, 
(rf)  E^tuarine  clays.     (Depfjsitcd  in  estuaries.) 
Mostly  impure  and  finely  laminated. 
II.  Glflcifil  nlays,,  found  in  the  drift,  and  often  stony. 

May  be  either  rod-  or  o ream-burning. 
III.  Wind-formed  deposits  (some  loess). 
IV.  Chemical  deposits.     (Some  flint-clays.) 

SECONDARY  CHANCES  IN  CLAY  DEPOSITS 

Changes  often  take  place  in  clays  subsequent  to  their  deposition 
These  may  be  local  or  wide-spread,  and  in  many  cases  either  greatly  ii 
prove  the  deposit  or  render  it  worthless.  The  mii,rked  effect  of  some 
these  changes  is  often  well  seen  in  some  clay  beds  of  which  only  a  poi> 
tion  has  been  altered.  These  secondarj'  changes  are  of  two  kinds,  vij, 
mechanical  and  chemical. 

MECHANICAL   CHANGES 

Tilting,  folding,  faulting.— In  the  uplifting  of  beds  of  clay  or  shale 
subsequent  ta  their  deposition,  the  amount  of  elevation  is  rarely  the  same 
at  all  p<)ints  over  a  large  area,  s^o  that  the  beds  frequently  show  a  variable 
degree  of  tilting.  If  the  uplift  is  accompanied  by  folding  of  the  rocka— 
the  dip  of  the  beds  may  be  quite  steep.  Thus,  for  example,  the  CVe 
taceoas  and  Tertiary  day-bearing  formations  of  the  Atlantic  and  Gu 
coastal  plain  show  a  gentle  dip  to  the  .s«uthca.st  .and  south  (I'l.  II 
Fig.  2),  while  the  Devonian  shales  of  southern  New  York  dip  to  the  south 
At  Colden,  Colo.  (PI.  XXIV.  Fig.  2),  the  Cretactfias  6re-clays  oftci 
have  a  dip  of  as  much  as  90°.  Beds  of  clay  and  slialc  sometimes  sbo' 
folds  or  undulations.  In  the  case  of  consolidated,  or  hard  beds  tlii 
may  be  due  to  lateral  pressure,  caused  by  movements  in  the  earth's  crusl 
while  in  soft  beds  the  cause  is  frequently  local.  Many  clay  deposits  ii 
the  Northern  States  show  a  local  folding  cau.setl  hy  the  shoving  aeti^ 
of  the  ic(v-shei't  during  the  glacial  ]:eriod.  Such  folds,  however,  SK 
minor  aci-ount  and  affect  only  a  few  beds. 

Wl)ere  beds  of  clay  are  gently  foldetl  into  arches  (anticlinal  folds 


r 

^Brio.  5. — Section  of  folded  beds,  with  creat  worn  away,  exposiuK  different  layers. 
H  (AfU:r  Rice,  N.  J.  Gool.  Surv.,  FJn.  R«pt.,  VI,  p.  IS,  1904.) 

lowed  parallel  to  the  axis  it  will  remain  at  the  same  level,  provided  the 

»sxis  itself  is  horizontal. 
Where  a  ijed  is  not  sufficiently  cljistic  to  bend   under  pressure  it 
breaks,  and  if,  at  the  same  time,  the  beds  on  opposite  sides  of  the  break 
slip  past  each  other,  faulting  is  said  to  occur.    When  the  breaking  sur- 
face or  fault-plane  is  at  a  low  angle  one  portion  of  the  bed  may  be  thrust 


3 


FlQ.  6.~^eotion  Bhowing  strata  broken  by  parallel  fault^planes.     (After  Ries. 
N,  J.  Geol.  8urv.,  Fin.  Rept.,  VI,  p.  16,  1904.) 

Over  the  other  for  some  distanw;.  In  other  cases  the  dUpIacement  may 
amount  to  but  a  few  inches.  Figs.  6  and  7  represent  sections  in  faulted 
strata,  and  in  thcs»  it  will  be  noticed  that  cveo*  bed  terminates  abruptly 
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at  the  fault-plane,  its  cobtiauation  on  the  other  side  being  at  a  higher 
or  lower  level.    Displacements  of  this  type  are  somewhat  rare  in  surfaoe 


Fio.  7.— Strata  broken  by  fault-plane  of  low  inclination.    (After  Ries,  N.  J.  GeoL 
Surv.,  Fin.  Rept.,  VI,  p,  15,  1904.) 

clays,  and  if  occurring,  the  throw  is  not  apt  to  exceed  a  few  feet.  In  the 
shales  of  pre-Pleistocene  age  the  amount  of  displacement  is  sometimes 
much  greater. 

Both  tilting  and  folding  exert  an  important  influence  on  the  form  and 
extent  of  the  outcropping  beds.  Where  no  tilting  has  occurred,  that  Is, 
where  the  beds  are  flat,  only  one  bed,  the  upper  one  of  the  section,  will 
be  exposed  at  the  surface,  where  the  latter  is  level  (Fig.  8),  and  lower 


Fio.  8. — Section  of  horisontal  strata,  with  only  the  top  one  exposed  at  the  surface. 

beds  will  be  exposed  only  where  stream-valleys  have  been  carved 
(Fig.  9). 

If  the  beds  are  tilted  (Figs.  10  and  11)  or  folded,  and  the  crests  of  the 
folds  worn  off  (Fig.  5),  then  the  different  beds  will  outcrop  on  the  siuface 
as  parallel  bands,  whose  width  of  outcrop  will  decrease  with  an  increase 
in  the  amount  of  dip  (Figs.  10  and  11). 

Erosion. — All  land  areas  are  being  constantly  attacked  by  the  weather, 
ing  agents  (frost,  rain,  etc.).    The  effect  of  this  is  to  disintegrate  the  sur- 
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fece  rocks  and  wash  away  the  loose  fragments  and  grains.    This  brings 
about  a  general  sculpturing  of  the  surface,  forming  hills  and  valleys,, 


Flo.  9.— Horizonlal  beds,  with  several   layers  cx[K>-sed   hy  wearing  down  of  the 
laud  surface.    (After  Ries,  N.  J.  Gcol.  8iirv..  Fiii.  Kept.,  VI,  p.  18,  IIXM.) 

former  repreeentinK  thosie  parts  of  the  rook  formations  which  have 
>t  yet  been  worn  away.    The  effect  of  this  is  to  cause  phenomena  or 
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Flo.  10. — Section  showing  outcropping  of  tilted  strata. 


conditions  which  nmy  at  firet  sight  fippe&T  puzzling,  but  are  neverthe- 
less quite  simple  when  the  cause  of  them  is  understood. 


— Section  of  vertical  bede.    The  width  of  outcrop  Is  the  samo  as  the 
actual  width  of  the  l»e<l.    (See  aim  PI  XX  fV,  Fig.  2.) 

Let  U9  take,  for  example,  a  section  of  horizontal  clay  beds  which 
originally  covered  an  extensive  area  and  were  interetratificd  with  sand 
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beds.  In  Figs.  8  and  12,  beds  1  and  3  may  be  taken  to  represent  the 
clays.  In  Fig.  S  we  have  indicated  the  surface  as  it  originaLly  was,  and  in 
Fig.  12  the  outline  as  it  appears  after  the  land  has  been  exposed  to  weatheN 


Fio.  12. — Uonsontal  beds  with  several  layers  exposed  by  wearing  down  of  the 

land  surface. 

ing  and  erosion  for  an  extended  period.  Here  we  see  that  .the  upper  bed 
is  left  only  on  the  highest  hills  and  has  been  removed  over  a  large  area, 
while  No.  2  cape  the  smaller  knolls,  and  No.  3  outcrops  in  the  sides  of 


Fio.  13. — Inclined  strata,  showing  rise  of  the  bed  above  aea-Ievel,  when  followed  up 
the  slope  or  dip.    (After  Ries,  N.  J.  Geol.  Surv.,  Fin.  Rept.,  VI,  p.  19,  1904.) 

the  deeper  valleys.    Many  small  areas  of  clay  thus  represent  all  that  is 
left  of  a  formerly  extensive  bed. 

If  the  beds  had  a  uniform  dip,  the  conditions  may  be  as  indicated  in 


Fio.  14. — Outcrops  of  a  clay  bed  on  two  sides  of  a  hill  and  its  probable  extcnskm 
into  the  same.     (After  Rire,  \.  J.  Geol.  Surv.  Fin.  Rept.,  VI.) 

Fig.  13.  Here  \i<^  1  appears  at  the  summit  of  two  hills,  a  and  b,  but  its 
rise  carries  it.  if  extended,  above  the  summit  of  hill  c,  which  is  capped  by 
bed  2.    If  one  did  not  know  that  the  beds  rose  in  that  direction,  it  might 
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[be  assumed  that  bed  1  passed  into  bed  2,  because  they  are  at  the  same 
[level.    This  dipping  of  the  layers,  or  beds,  sometimes  account?  for  the 
jreat  db^Kimilarity  of  beds  at  the  same  level  io  adjoining  pits. 

Wlit-re  a  IhhI  of  i:lay  \s  fomid  outcropping  at  the  same  level  on  two 

jes  of  a  hill  it  in  reasonable  to  asHume  that  it  probably  extends  from  one 

"side  to  the  other,  but  it  is  not  safe  to  prwlict  it  with  certainty,  for,  aa  has 

_bccn  mentioned  above,  clay  beds  may  thin  i>ut  within  a  short  distance. 

furthermore,  the  overlying  material,  or  overburden,  will  become  thicker 

Dwards  the  center  or  sninmit,  of  the  hill,  so  that  e^'en  if  present  the  clay 

Ely  be  economically  unworkalile  (Fig.  14). 


CKBJWICAL  CHANOrS 

Nearly  all  clay  deposits  are  frequently  changed  superficially,  at  le^st, 
by  the  weather  or  by  percolating  surface-waters.    The  dianges  are  chiefly 
chemical  and  can  be  grouped  under  the  following  beads: 
Clamge  of  color. 

J  teaching. 

^^^H  Si^U  en  i  ng . 

^^^^  Conw  tUila  t  ion . 

H^  Change  of  color. — Most  clay  outerops  which  have  been  exposed  to 
the  wfiatbcr  for  some  lime  sh'iw  various  tints  of  ydlow  or  lirown.  This 
coloration,  or  rather  dlscnloration,  is  due  to  the  oxidation,  or  ranting. 
of  the  iron  oxide  which  the  clay  contains.  Tliia  iron  compound  is  u.snally 
found  in  the  clay  as  an  original  constituent  of  some  mineral,  and  rusts 
out  as  the  result  of  wtaUhering,  so  thitt  the  depth  to  which  the  weathering 
has  penetrated  the  material  can  often  l*  told' by  the  color.  The  lower 
limit  of  this  is  commonly  not  only  irregular,  but  the  distance  to  which  it 
extends  from  the  surface  deiwntia  on  the  character  of  the  deposits,  sandy 
open  clays  being  affected  to  &  greater  depth  tlian  dcm^  ones.  The  dis- 
coloration of  a  clay  due  to  weathering  does  not  nlway.s  originate  within 
the  material  itself,  for  in  many  instances,  especially  where  the  clay  is 
open  anil  porous,  the  water  seeping  into  the  clay  may  bring  in  the  iron 
oxide  fnjm  another  layer,  and  distribute  it  irregularly  through  the  lower 

—  clay. 

H  The  changes  of  color  noticed  in  clay  are  not  in  every  case  to  be  taken 
as  evidence  of  weathering,  for  in  many  instances  the  difFerence  in  mlnr 

^_is  due  to  difTerences  in  chemical  composition.    .Man_\-  days  arc  colored 

^Bblack  at  one  pt)int  by  carbonaceoa"*  matter,  wherea,s  a  short  distance  off 

^^the  same  bed  may  be  wlute  or  l^;ht  gray,  due  to  a  smaller  quantity  of 
,<»ari)onaceous  material.    In  many  of  the  Lower  Cretaceoas  clays  of  New 
Jersey,  for  example,  there  is  often  a  change  from  blue  to  red  and  wlute 
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mottled,  and  from  this  into  red  clay.  This  is  not  the  result  of  weathering, 
but  is  due  to  local  variations  in  the  iron-oxide  contents  of  the  different 
layers. 

Discoloration  caused  by  weathering  can  usually  be  distinguished 
from  differences  in  color  of  a  primary  character  in  that  the  former  b^ns 
at  the  surface  and  works  its  way  into  the  clay,  penetrating  to  a  greater 


Fio.  16. — Section  showing  how  weathering  penetrates  a  clay  bed,  particularly 
along  roots,  cracks,  and  joint-planes.    (After  Ries.) 

distance  along  planes  of  stratification  or  fissures,  and  even  following 
plant-roots  as  shown  in  Fig.  15. 

Where  the  clay  deposit  outcrops  on  the  top  and  side  of  a  hill  it  does 
not  follow  that,  because  the  whole  cliff  face  is  discolored,  the  weather  will 
'have  penetrated  to  this  level  from  the  surface,  but  indicates  simply  that 
the  weathering  is  working  inward  from  all  exposed  surfaces.    The  over- 


DlinHTlay 


-r—Z.  —  'S^'^  T--~  "  ^_  -Yellow  Cta/ 

■  "- — ~ — "" — ^^~Z.  ~I.  BlueCUy 


Fia.  16. — Section  showing  weathered  (yellow)  clay  where  the  overburden  is  least. 

does  not  appreciate  the  important  bearing  which  it  may  have  on  the 
behavior  of  his  material.  Rome  unweathered  clays  crack  badly  in  diy- 
ing  or  burning,  but  weathering  seems  to  mellow  and  loosen  them,  as  well 
I  burden  often  plays  an  importfint  role  in  the  wenthering  of  clay,  for  the 
I  greater  its  thickness  the  less  will  the  clay  under  it  be  affected.  This  fact 
is  one  which  the  clay-worker  probably  often  overlooks,  and  therefore 
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their  plastinity,  so  that  the  tendency  to  ornck  is  sometimes 

either  diminished  or  dcstn)yod.    If  a  clay  whirli  is  bein^  worked  bhows 

is  tendency,  it  wUI  be  advisable  to  search  for  some  part  of  the  deposit 

hifh  is  weathered,  and  if  the  clay  is  covered  by  a  variable  thic'kn(«s  of 

ovcHiiirdcn,  the  most  weathered  ptirt  will  be  found  usually  under  the 

thinnest  stripping,  aa  shown  in  Kig.  16. 

Leaching. — More  or  less  surface-water  seeps  into  all  clays,  and  in  some- 
cases  drains  off  at  lower  levels.  Sm-h  waters  cont-iin  small  quantities  of 
carlionic  acid  which  readily  dissoK-es  some  niinemls.  most  prominent 
among  Ihem  carbonate  of  lime.  In  some  areas,  therefore,  where  cal- 
careous clays  occur,  it  Is  not  uncommon  to  find  that  the  upjjer  layers  of 
the  deposit  contain  less  lime  carbonate  than  the  lower  ones,  dtie  to  this 
solvent  action  of  the  percolating  waters,  and  residual  clays  from  lime- 
stone contain  little  or  no  lime  carbonate. 

Softening.— Most  weathering  pn)cease8  break  up  the  clay  deposits^ 
either  by  disintegration  or  by  leaching  out  some  soluble  constituents 
that  served  as  a  bonding  or  nemcnting  malcridl,  thus  mellowing  the  out- 
crop, and  many  manufacturers  recognize  the  beneficial  effect  which 
K'eathcring  has  on  their  clay.  They  consequently  sometimes  spread  it 
n  the  ground  after  it  is  mined  and  allow  it  to  slake  for  several  months 
r,  in  some  cases,  several  years.  The  effect  of  this  is  to  disintegrate 
I  thoroughly  the  clay,  render  it  more  plastic,  and  hrcjik  up  many  injurious 
ntinerals,  such  as  pyrite.  ;\lthouf;h  mentioned  luider  Chrmical  f  hnnges 
Hit  will  be  seen  that  the  process  of  softening  is  partly  a  physical  one. 
^^  Consotidation. — This  change  is  found  to  have  taken  plane  in  a  few 
deposits,  and  is  due  to  the  formation  of  linionite  cnists  in  the  clay.  At 
times  these  may  form  at  a  few  point.s  in  the  deposit,  or  only  along 
certain  layers,  but  in  other  instances  they  have  originated  in  all  parts 
of  the  mass,  both  alonfi  the  stratification-planes,  os  well  as  in  every  joint 
or  crack.  They  thus  permeate  the  clay  depopit  with  such  a  network  of 
rusty,  sandstone-like  chunks,  nodules,  and  strips  as  to  seriously  interfere 
with  the  digging  of  the  clay,  and  requiring  powerful  machinery  to  break 
up  the  hard  parts. 

k  Concretions. — Tn  some  deposits  the  limonite  or  siderite  (carVtmiite 
iron)  collects  around  nuclei,!  auch  as  pebbles  or  grains  of  sand,  und 
ws  into  more  nr  less  symmetrical  ball-like  concretions,  which,  if  Ic.rge^ 
„..j  be  avoided  or  thrown  out  in  mining.    These  are  most  abundant  in 
weathered  portions  of  the  clay  (Fig.  17).    They  are  not  to  1  e  con- 

'  The  wny  in  which  nnturnl  physicRl  forces  lu-t  to  tiring  abnnt  this  noprcgution 
F  chemical  compounds  of  the  same  kind  is  not  yet  satisfactorily  expliuned,  although  . 
is  ft  common  phenomenon. 
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fused,  however,  with  the  nodules  and  lumps  of  pyrite  that  are  found 
lhrout;hout  some  clay  beds,  and  are  of  yellow  color  and  glistening  metal- 
lic liLJtro.  The:io  litter,  although  of  secondar>'  origin,  are  not  neceatahlj 
due  to  weathering. 

In  many  calcarcouii  clays  concretions  (PL  IV,  Fig.  2)  are  speciaUy 
abundant,  l>cing  found  not  uncommonly  along  lines  of  stratificatkm. 
Mriny  of  the  drift-clays,  though  free  from  lime,  show  concretionaiy  lumps, 
and  in  :5ome  deposits  they  Iiu\e  been  formed  by  t^  deposition  of  lime 


Fig.  17. — Section  showing  occurrence  of  concretions  in  certain  layers. 

carVxinare  an^und  tree-roots.  In  this  case  they  would  be  closely  aaeo- 
ciatod  with  weathorinjC. 

Formation  of  shale. — Many  sedimentan-  clays,  specially  those  of  ibif 
rine  origin,  after  their  formation  are  covered  up  by  many  hundred  fort 
of  oihor  5ediments.  due  to  continued  deposition  on  a  sinking  ocean  bot 
torn.  It  will  be  easily  understood  that  the  weieht  of  this  great  ttucknoi 
of  ovorlyinff  setiiinent  will  tend  to  consolidate  the  clay  by  preasureT  coBp 
vortini:  it  into  a  firm  mck-like  nuiss.  terrned  sh:ile.  That  the  coheriim 
of  the  pt^rtioles  is  duo  mostly  to  pressure  alone  is  evidenced  by  the  {Mt 
that  crindini;  the  shilo  and  mixinsr  it  with  water  will  develop  as  much 
plasui'ity  as  is  found  in  many  siufacc  clays.  An  additional  hardaung 
\m\s.  however,  taken  place  in  many  sh;\les,  due  to  the  deposition  of  min- 
eral I'.utter  an^und  the  grains,  as  a  result  of  which  they  become  non 
firmly  IhhukI  toijcthor. 

In  rei;ion>  where  moimtain-niiikinc  processes  have  been  active  and 
foldi!ii:  of  the  rru'k-:  has  taken  place,  heat  and  pressure  have  be^i  dft- 
volo^vti.  and  the  effeet  of  this  hiis  ^imetimcs  l>een  to  transfonn  or 
meia!uorphoso  the  sb-alo  ir.to  sUuo  or  even  mica-schist  (when  the  metlr 
morplusm  is  intonr^o'.  roth  o:  which  are  do\oiJ  of  any  plasticity  wboi 
ground.    The  shales  utilijtxl  for  clay  pnnduots  in  different  parts  of  the 
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show  a  wide  variatton  in  their  plasticity.  Those  of  the  Caibon- 
much  used  in  the  Central  States,  are  often  highly  plastic,  while 
ihales  of  the  Triassic  formation  of  New  Jersey  are  in  most  cases 
ited  sandy  clay,  but,  with  one  exception,  all  those  examined 
x)r  plasticity  and  very  low  fusibility.  The  Hudson  River  slates, 
ver  a  large  area  of  New  Jersey,  New  York,  and  Pennsylvania, 
ir  low  plasticity  partly  to  a  slight  metamorphism,  and  partly  to 
>sition  of  cement  aroimd  the  grains. 


CHAFrER  II 
CHEMICAL  PROPERTIES  OF  CLAY 

MINERALS  IN    rLAY 

Thb  complex  mineraiogical  charact.er  of  tlay  has  been  referred  tfl 
on  an  earlier  page,  ami  a  microscopic  examination  or  chemical  analy:fli 
of  a  few  impure  clays  will  convince  one  of  tiiis  fact. 

Nevertheless  ihe  etatement  is  often  made  in  print  tiial  clay  is 
hydratcd  silicate  of  ahimina  of  the  formula  Al:i<)3,2SiC>2  +  2H2(),  con 
sequently  of  definite  chemical  composition  and  with  a  formula  eorre 
sponding  to  that  of  the  mineral  kaiilinitc. 

'i"hat  this  explanation  is  clearly  improliahli'  can  be  seen  by  examin 
ing  any  series  of  clay  analyses,  few  of  whicli  will  reduce  to  such  u  formuli 

E<iually  sweeping  and  incorrect  is  the  statement  that  katilinite  ii 
the  !)a.sis  of  alt  clays,  and  that  they  are  therefore  to  he  regarded  an 
mixture  of  kaolinitc  with  other  mineral'* 

Almiy  clays  no  doubt  contain  a  variable  amount  of  kaolinite,*  bu 
there  are  others,  consisting  ahmist  entirely  of  silica,  alumina,  uml  water, 
which  clearly  do  not  correspond  (o  the  formula  of  the  mineral  al>0' 
mentioned  (see  HaUny<!iite  and  Phn]crite),and  in  impure  clays  il  l)eeomi 
a  matter  of  some  difficulty  U>  pmve  beyond  a  doubt  whether  the  bydrou 
aluminum  silicate  present  is  kanlinite  or  same  other  mineral. 
We  may  even  express  reasonable  dinilit  n*jianling  the  necessan*  proven 
of  kaolinite  for  the  development  of  pla.stie  (jualities  in  the  mass. 

The  Hint-clay.s  of  Missouri  (many  of  wliich  correspond  eloselv  U 
pholerite  in  composition)  when  finely  gn)nnd  posse**8  some  plasticity 
The  Edward.s  County.  Texas,  kaolin  has  even  more  plasticity,  a  teneili 
strength  of  159  lbs.  per  sq.  in.,  and  an  air  shrinkage  of  6.2.  and  yet  ] 


'  Kaolins  of  commcrw  and  IwiH  rlayn. 

'  This  fact  has  also  t>een  emphagized  hy  G.  P.  Merrill.  NDn-metallic  Mineralil 
p.  217  1904. 
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Ices  not  correspond  exactly  to  tlie  formula  of  kaolinite,  but  stantlt 
in*ernictiiale  between  iialloysite  and  kaolinite. 

Wheeler  has  deycriLieti  an  Iialloysite  from  Missouri '  which  is  slightly 
plastic  even  when  groutid  to  jxisu  20  mesh,  and  has  an  average  tensile 
strength  of  38  lb:;.  i>er  sq.  ia. 

I  he  nnmbcr  of  different  minerals  present  in  a  clay  is  often  no  doubt 
large  and  depends  portly  on  the  miiierulogicul  composition  of  the  nu'k 
ir  rocks  from  which  the  clay  has  been  derived,  and  partly  on  the  extent 
to  which  the  mineral  srains  in  the  clay  have  beim  destroyed  by  weatlier- 
ing;  but  in  any  case  the  idcntificutiun  of  mineral  species  is  rendered 
rather  difficultj  chiefly  because  of  the  extreme  fmcncss  of  the  grains^  and 
partly  because  these  are  often  surrounded  Ity  decomposition  products. 

More  attention  hits  been  given  to  the  mineralogy  of  soils  than  of  clays, 
but  since  the  former  are  in  many  cases  nothing  more  than  surface  clays, 
what  Is  true  of  the  one  is  more  or  less  so  of  the  other. 

Chamberlin  and  Salisbury ,2  in  studying  the  residuals  of  the  Wis- 
nsin  driftless  area,  were  abk  to  identify  such  minerals  as  plagto- 
clasc,  orlhoclase,  biotite,  museovite,  homblemle.  aiigite,  magnetite, 
and  quartz,  while  Li\dd.  in  studying  the  (Jeorgia  Cretaceous  clays,^ 
has  noted  kaolinite.  feldnpar,  ([uartz,  museovite,  biotite,  magnetite, 
titanitc,  limonite,  calcitc.  and  jmichtorite.  In  the  Wisconsin  matcriab 
Buckley*  records  finding  quartz,  feldspar,  mica,  ralirite,  dulomito.  and  ir(.m 
oxide.  The  Leda  clays  of  Canada  ^  show  quartz,  orthoclase,  plagioclase, 
mica,  tourmaline,  pyroxene,  chlorite,  and  hornblende. 

In  the  study  of  soils  perhaps  tiie  largest  iiiunbiT  of  species  have  been 
^determined  by  Dclogc  and  Lagatu.*  who  include  in  their  list  calcite, 
quartz,  l.tintite,  muscr>vite,  sericite.  orthor'jase,  oligoclase.  zirnon,  tour- 
maline, amphiliole,  apatite,  andalusite,  titanitCj  microdine,  limonite, 
hematite,  chlorite,  augite,  etc. 

The  more  important  (if  these  may  be  referred  to  in  more  than  a 
passing  maniier- 

i  '  Mo.  Ceol.  Surv..  .\l.  p.  I8fi.  1S98. 

H      »  r.  S.  Owl.  Surv.,  61b  Ann.  Kepr..  245. 

H      >  Amer.  Geol.,  XXIII,  p.  240,  1S99. 

■      •Wis.  0«ol.  nnit  N.ii.  HUt.  Sun-..  Bull.  VII.  Pt.  I. 

^B     '  Merrill,  Rocks,  Uock-wetithorinf;,  und  Soils,  p.  3^15. 

HB  •Ann.  dp  l6cQh  nntionnb  d'apricultiirc  de  Monlpnllier,  VI,  pp.  200-220,  1906; 
al«o  CornpIfK  rend..  CXXXIX,  p.  1044,  1904.  Sw  al.«)  F.  Steinriode,  Anleitung  zur 
nnneruloB:iKrh*>n  Bodenunulysf,  HiiIIo,  IHSO;  Dumont,  Comp.  rond..  CXL,  p.  till, 
IWW;  Tebior.  ibi^l.,  CVIII.  p.  1071,  1SS9:  and  Cameron  and  Bell,  Bur.  of  Soils, 
UiU.  30,  p.  11,  1905.  and  Bull.  22.  p  12.  lOM. 
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Hydrous  Aluminum  Silicates 

Kaolinite. — This  mineral  is  a  hydnited  silicate  of  alumina,  repre- 
senteij  by  iht?  formula  Al303,2Si()a,2H2(>,  wlui-li  corrceponcb  to  ft 
compositiou  of  Silica  t^iOi>),  40.3  per  wnl;  Alumina  (Al/Js),  39ii  pel 
cent;  Water  (H2U),  13.9  per  tent.  It  is  somctiinus  referred  to  aa  elajr 
suh-stAtitc,  ami  lA  that  j)nrtinn  of  the  day  wiiich  is  soluble  in  hrH  aul- 
phuric  acid  and  sodium  tarUonate.  It  is  a  white,  pearly  mineral,  crj  stal- 
lizing  in  the  miinoeiiiiiL'  system,  the  cnstjily  pre.senting  the  form  of  Rmal 
hexagonal  plates  (PI.  \',  FiiE.  1)  with  a  hardness  of  2-2.5  and  a  ripcetfie 
gravity  of  2.2-2.0.  It  is  naturally  white  in  color,  and  a  mass  of  It  tc 
plastic  when  wet,  but  very  slightly  bo. 

According  to  Uosenbusch  '  its  index  of  refraction  is  the  same  sa 
that  of  ('aniulu  balsam;  the  doul>le  refaction  is  strong.  A  nc^Ative 
bisectrix  emerges  from  the  face  "f  the  plate,  and  the  axial  plane  biscrta 
the  acute  prism  aii^le.  The  optical  bdiavior  is  therefore  very-  simiUr 
to  that  of  niiiscovite,  and  it  can  tuily  Ije  distinguished  with  certainty 
from  colorless  mica  by  chemical  reaction  to  prove  the  absence  of  alkali; 
its  specific  gravity  cannot  be  used  to  advantage  l>ecauBe  of  the  mic** 
ceous  fDrni  of  both  minerals. 

It  liaH  naturally  ^leen  assumctl  by  most  writers  that  kaolinite  was* 
widely  distributcKl  mineral  in  clays,  lv\it  when  we  c«»mc  to  sift  the  evi- 
dence of  its  presicnce  comparatively  lillle  is  to  Ijc  found. 

A  microscopic  examination  even  of  the  white  clays  free  from  im- 
puriUes  rarely  reveals  the  pn^-nce  of  the  hexagonal  kaolinite  gcales, 
although  the  little  vemiiculit^like  bunches  of  plates  of  this  mineral 
may  be  present  (Fig.  26);  but  still  even  tliewe  are  rarely  seen  in  the 
more  impure  clays,  and  t  he  t  hciiry  r)f  1  he  miivf'rsiil  presence  of  kaolinite 
in  clay  is  probal>ly  traceiible  to  the  fact,  (but  riuuiy  white  clays,  after 
having  the  sand  washed  nut,  often  appniach  kjuilinitc  in  composilioR.' 
The  occurrence  of  kafilinite  in  cn."stals  has  Ijcen  noted  fn>m  tbe 
National  Helle  mine,  lied  Mountain,  Colo. ,3  by  l>ick  from  Anglesey.* 
as  well  as  by  several  other  writere.^ 

Many  kaolins  show  the  bimches  nf  kaolinite  plates  referred  to  above^ 


■  i'hyuogruphy  of  Knek-iiiaking  Minerals,  Iddiii^'  tnuislalion,  1BS9,  p.  320, 

*  H.  Ries,  Ala.  C,eo\.  Snrxcy,  BuH.  6,  p.  11,  1900. 
»  H.  Reuflch,  Jahrb.  f.  Mlii.,  1887.  II,  p.  70. 

*  A.  Dick,  Min.  Mag.,  1S76,  VII!.  p.  M 
*Safarik,  Bohm.  Ocji,  W'ufs.,  16th  Feb.,  1870;   Knop,  N'eues  Jahr.  Mid.,  vtr.. 

ISoR,  p.  50.5;  Johnwrn  and  Blnkc,  .'Uncr.  Jour.  Sci.,  ii,  XUi,  pp.  351  and  RA7. 


Fxa, :?.— lla-^/jcti  kjoiiii.     (Ader  MerriVl.) 
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CHEMICAL  PROPERTIES  OF  CLAY 

lod  the  separatjoD  of  these  by  grinding  was  said  by  Cook'  to  increase 
^e  plasticity. 

Ivaolinite  is  always  of  secondan*  origin,  and  although  in  most  cases 
.t  has  probably  been  derived  from  feldbpar.  ita  derivation  from  numerous 
>ther  minerals  lias  been  recorded,  althcnigh  unaccompanied  by   proof. 

Thus  Roaler^  states  that  the  formation  of  kaotinite  from  soapolite, 
Eeucitc,  nepheline,  sodalite,  hauyne,  analcite,  t«paz,  etc.,  is  chemically 
possible,  but  not  proven. 

The  same  may  be  said  in  part  regarding  the  statements  of  Van  Hise,^ 
Ipho  lists  andahisitc,  anorthoclase.  biotite,  cyanite,  epidoTe.  leucite, 
Kucrocline,  ncphelite,  orthoelase.  plagiorlase,  scapolite.  sillimanitCj  soda- 
ite,  topaz,  zoisito.  and  garnet  as  the  primar.-  mineral.  He  gi\'e8  the 
Formula  for  the  kaolinization  of  feldspar  as  follows: 

2KAlSia08  -(-2H20  -(-  iXh  -  H4AlsSt3<  )o  +  4SiOa  +  KjCOa. 

Van  Hifie  calculates  that  (he  <lei^rea«e  in  volume,  siip|x>sing  the  freed 
iilica  an  quartz,  and  the  jjotawsium  t-arUinatf  dissolved,  is  12.57%. 
If  all  the  silica  were  dissolved  (which  ie  unUkely),  then  the  volume  de- 
rrease  would  be  54.44%. 

Pure  kaolin  is  hipWy  refracton-,  Ijut  a  slight  addition  of  fusible  im- 
purities lowers  its  refractoriness. 

Many  kaoUiuii  contain  \cr>-  minute  scales  of  white  mica  which  it 
would  \ye.  difficult  to  distinguish  under  t  he  microst-ope  from  kaolinite;  and 
(ince  white  mica  in  a  very  finely  divided  condition  is  not  unlike  kaolinite 
in  its  plasticity,  as  shown  by  the  experiments  of  \'ogt,  its  presence  may 
be  of  no  influence,  unless  there  is  an  appreciable  amount  of  it.  The 
Following  quotation*  exhibits  those  experiments; 

"5Ir.  \'ogt  con-aiders  that  the  pla.stirity  wliirh  clays  have  Is  chiefly 
due  to  the  hydrated  silicate  of  alumina  or  ka<*liiiite.  I'ixperiments  whii-h 
he  made  show  that  the  kanlltiite  is  not  the  only  substance  which  remains 
in  suspension  for  a  long  period.  I'or  his  trials  he  took  quartz  fnim 
Limousin,  orthoclase  from  Norway,  and  a  potash  mica.  All  tlirec  were 
ground  very  fine,  and  then  washed  in  a  current  of  slightly  ammoniacal 
water.  The  washed  materials  wore  then  allowed  to  stand.  After  24 
hours  each  of  the  liquids  was  as  opalescent  a?-  if  it  had  washed  clay  in 
Inspension.    After  nine  days  the  tnrbidity  still  remained,  but  was  less 

[      '  CUiys  of  New  Jersey.  N.  J.  Geol.  Surv.,  1878.  " 

•Lc 
'      'Treatise  on  MctamorphiHm,  p.  352. 

'  Thonindufltrie-Zeiturig,  1893,  p.  140;  alw)  Compt.  rend.,  Acad.  Sci.,  Puris,  CX, 
pk  1190.  1890. 
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marked.  At  the  end  of  tliis  time  the  superoatant  liquid  was  lad 
of  each,  and  a  few  dn^ps  uf  hydrochloric  acid  added  to  it.  The  sa-spcni 
aiaterials  cuati;ulaled  and  .settled,  and  the  precipitate  waa  collected 
dried,  and  weiglied.  The  mica  which  had  remained  in  sas|x>iisiun  durini 
the  nine  days  was  vert  fine;  still  th«  particles  glittered  in  the  light 
The  addition  of  hvdnnliloric  acid  caust*d  ihv  instant  Bettlingof  the  par 
tides,  which  was  also  miteil  by  the  (cessation  of  tlie  glittering.  Th< 
settlings  of  mica  from  1  liter  of  water  amounted  to  0.15  gram.  Thi 
fine-grained  mica  possc-sseti  a  plasticity  almost  etpial  to  tliat  of  tht 
kaolin. 

"From  the  decanted  liquid  of  the  feldspar  the  hydrochloric  adi 
brought  down  al)0ut  0.4  gram  of  this  mineral  per  liter,  while  of  the 
quartz  only  0.1  gram  of  sediment  was  obtained. 

"A  ver>'  plastic  clay  from  Dreux  was  tl^*atcd  in  the  same  manner, 
and  after  nine  days  a  precipitate  of  0.56  gram  was  brought  down. 

"l*"rom  these  experiments  we  sec  that  in  washing  km^lin  it  is  impo^- 
sible  to  free  it  cntiif  ly  fn)ni  quartz,  feldspar,  and  mica,  if  tliey  are  prGscut 
in  a  finely  divided  condition." 

Minerals  related  to  Kaotinite 
These  include   se\cral   spocies,   all   liydratcd   silicates   of  alununa. 


Some  of  these  have  been  found  in  cr>'staL-^  and  are  ver:*  probably  goo4 
species,  but  others  are  known  only  in  an  amorphous  condition,  wlud 
may  tend  to  Huggest  some  doubt  as  to  their  \alidity;  in  fact  John^ 
and  Blake  ^  suggested  that  the  name  kaolinU^  should  include  all  thi 
associated  species  mentioned  below,  and  that  the  term  kaolin  be  retains 
for  the  "more  or  less  impure  commercial  article,"  but  this  usage  seeni 
too  comprehensive,  especially  8incc  some  of  tiiose  hydmus  aUmiiDua 
silicates  mentioned  1>elow  8eem  to  have  a  definite  formula  dlstinctll 
different  from  that  of  kaolinite  proper.  These  associated  species  to 
gether  with  their  characters  are  given  by  Dana  as  follows: 

Halioysite. — A  massive,  clay-like  or  earthy  inuieral  with  a  ooi 
choidal  fracture  and  showing  little  or  no  plasticity:  bardnese  l-I 
specific  gravity  2.l>-2.20:  luster  somewhat  pearly  to  waxy  or  dulj 
color  white,  grayish,  greenish,  yellowish,  and  reddish;  translucent 
opaque,  sometimes  becoming  translucent  (►r  even  transparent  in  wata 
with  an  increase  nf  one  fifth  in  weight.  It  is  a  hydrous  silicate  of  alurainl 
like  kaolinite,  but  amorphoas  and  containing  more  water:  the  amoun 
is  sfimpwhat  uncertain,  but  accordinfi;  to  Le  Chatelier  the  compoatioi 


'  Amer.  Jouf.  Sri.,  ii.  XLII,  p.  351. 
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probably  2H20,Al203,2Si02+aq,  or  silica  43.5%,  alumina  36.9%, 
Rater  lU.b%^  IlKl.  it  is  not  uncommon  in  the  kaolin  deposits  around 
Valley  head,  Dekalb  County,  Ala.,^  where  it  occurs  as  veins  in  the  kaolin, 
t>ut  no  anulysid  of  the  nialcriul  is  available. 

A  deposit  has  been  described  by  Wheeler  ^  from  five  miles  southwest 

Bf  Aurora,  Mo.    The  material  is  a  white  [wrcelaiu-like  clay,  which  is  more 

or  less  stained  or  intermixed  with  yellow  clay.     It  is  niassive,  compact, 

ard.  and  of  low  plasticity.    It  fuses  completely  at  260U°  F.  and  lias  the 

following  composition: 

ANALrsis  or  Miasoosi  UAixoYarm 

Silicfii  (SiO,) 44.1 2 

Aluruimi  (A1,0 J ^7.02 

Ferric  oxide  (Fo,0») 38 

Lime  (CqO) 10 

Alkalica  (Na,0,K,0) 24 

Water  (H,U) 18.48 

Total 100.38 

This  auiUysis  it  will  be  seen  agrees  closely  with  the  theoretic  com- 
poeitiou  of  this  mineral  given  above. 

G.  P.  Merrill  ^  has  also  noted  its  occurrenre  in  small  quantities  asso- 
ciated with  kaolin,  in  narrow  veins  in  the  decomposing  gneissic  rock 
near  Stone  Mountain,  Ga. 

The  folltiwing  threo  analyses*  represent  the  composition  of  halloysite 
from  different  localities: 

^"^  ANAi.YSE8   or  HaIXOVSITE 


Snica  CSiO.J 

Atumitui  (AtjOJ. . ., 

Lime  (CaU) 

Hacnesia  (MgO)..., 
Fenio  oxide  (Fe,OJ 

Manganese. 

Water. 


I. 


39.30 
3S.S2 
0.75 
0.83 
1.42 
0.25 
19.34 


100.41 


n. 


40.70 

3S.40 

0.60 

1.50 


IS  .00 


99.20 


III. 


42.91 

38.40 

0.(30 

l.fi 


18.00 


ini.41 


1.   Elgin,  Spoiland.     II.  Sumbniok,  Siyrt&.     HI.  Detroit  Mine,  Mouo  Lake.  CalLf. 

'  Qibeon.  Qeol.  Surv.  of  Ala.,  Report  on  Mttn^hrecs  Valley,  1893,  p.  121. 
»  Mo.  Geol.  Sur\*..  XI,  p.  186.  m>G. 

*  Non-metallic  Minerals,  p.  225. 

*  Ibid. 
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Tlie  kaolin  found  near  Tvcaky,  Edwards  County.  Tex.,^  appears  U) 
of  intermediaU'  roiupfjsition  between  kaf)!inite  and  halloysite,  ami 
be  a  mixture  i>f  the  two, 

Indianaite. — This  is  a  whitisii  residual  clay  found  in  Lawrence  CoimtrJ 
Ind.  (see  Indiana  rilays),  whirh  is  plaeed  under  halloysite    by  !' 
and  called  allupliane  in  the  Indiana^  Sun  cy  report. 

The  two  following  analyses  show  its  composition,  No.  I  l^eing  giva 
by  Daaa,  and  No.  II  by  the  Indiana  Suney: 

ANALYSEti    (»F    I.NDIA.NAITB 


Silica  (SiOJ 

Alumina  (Al,OJ 

Ferric!  oxide  (Kej,0,). 

LiuiH  (CjiO) 

Miignestti  (.MgO) 

Potash  (KX» , 

Soda  (Na,0) 

Water  (H,0) 


43  2a 
3D.  02 


.fi9 

.59 
15.52 


II. 


44  75 

38.60 

95 

.37 

.30 
.12 

.23 
In   17 


III. 


43  5 

3fi  9 


in  fi 


IV. 


4fi.3 

39.8 


13.9 


*  Tlie  niojaltire  hiis  l>v»z)  left  out,  ami  tli«  Hiiiil>i>ii>  rFCaU'iilattril  lc>  IIHI  i^vr  cvu|. 

While  the  porcGntape  of  eoinbinod  water  in  this  material  is  \uthd 
than  in  kaollnitc,  and  the  silica  lower,  still  they  approach  no  more  cIumIt 
to  those  given  for  halloysite  than  they  liiffer  from  similar  const  r 
of  kaoUnite,  No.  Ill  representing  the  composition  of  the  forniLi.  j: 
No.  IV  of  the  latter,  placed  there  for  purposes  of  comparison. 

Pholerite. — This  term  was  first  applied  by  Cluillemin  in  IS25^  to 
pure  white  pearly  substance,  occurring  in  the  form  of  small  hoxp'^-'^'J' 
scales,  soft  and  friable  to  the  touch,  adherent  to  the  tongue,  ami 
a  pla.stic  ma.ss  with  water.    Similar  occurrences  were  noted  Ut«r 
J.  L.  Smith  *  in  1859,  by  A.  Knop,^  and  by  L.  L.  Koninck.^ 

The  composition  of  pholerite  is:  Silica  (Si02)  39.3,  alumina  (. 
45,  water  (H2O)   15.7,  which    corresponds    to   a  chemical  formuls^ 
2Ala03.3Si(:)a,4H2(J. 

Dana  ^  classes  this  imder  kaolinitc,  and  gives  halloysite  as  a  sej 

'  See  description  of  Texas  rlayH. 
'System  of  Mineraloc,  688,  I8»3. 

*  Iiid.  Geo].  Surv.,  29tlj  Ann.  R*pt. 
♦Ann.  des  Mines,  XI,  p.  489. 

*  Anicr.  Jour.  Sci.,  ii,  \I,  p.  58. 

*  N'euefi  Jahrb.  Min.,  1859;    niso  Johnson  and  Blake,  Amer,  Jotir.  Bcu,  Xl 
p.  .161.  18ft7. 

»  Zeitschr.  f.  Kryst.  u.  Mir.,  II,  p.  861. 
■Syst.  Min.,  I8U3.  p.  685. 
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jpecies,  but,  in  view  of  the  fact  that  the  pholerite  has  been  found  in 
rnsialUne  fonii  and  the  halloysitc  not,  this  hardly  seems  reasonable. 

S()  far  as  the  author  is  aware  no  ur\staliizcd  pholerite  has  been 
leecribetl  from  the  United  States,  but  Wheeler  has  pointed  to  its  probable 
presence  in  some  of  the  Missouri  fliot-olays.*  in  which  the  silica-alttniina 
-atio  ranged  from  0.94  to  1.15.  Now,  since  this  ratio  in  kaolinite  is  l.Ui 
witl  in  pholerite  0.S1 ,  it  seenui  quite  probable  that  in  some  at  least  of  the 
ttfi&aouri  clays  ther*^  is  a  mixture  of  kaolinite  and  pholerite  present. 

Cook  in  his  report  on  the  New  Jersey  clays  ^  giN'es  32  analyses  in 
jehich  the  combined  silica  has  been  .separated  from  the  sand,  and  of 
;he8e  21  seem  to  indicate  the  pre^scrce  of  some  pholerite,  their  siUcftr- 
ilumina  ratio  ranging  from  0.94  t<»  1.15. 

If  this  explanation  is  correct^  then  pholerite  is  no  doubt  present  in 
many  other  fire-clays,  and  perhaps  even  some  kaolins.  The  writer  has 
:)ucstioned  whether  the  presence  of  bauxite  with  the  kaolinite  might  not 
give  a  mixture  with  a  high  alumina  percentage  similar  to  that  shown 
by  pholerite. 
'      Nacrite,  according  to  Johnson  and  Blake,^  i.-^  identical  with  pholerite. 

Rectorite.^ — Monoelinic.  In  leaves  or  plates  resembling  mountain- 
leather;  hardness  less  than  that  of  talc;  feels  soapy;  luster  pearly;  color 
pure  white,  sometimes  stained  red  wit  h  iron  oxide.  t'ompositi<)n :  UAlSiOi 
pr  Al203,2.Si()2.H2<)='siliea  50.0,  alumina  42.5,  water  7.5. 

Newtonite.* — Rhombohedral.  In  soft,  compact  inn.sscs,  resembling 
kaolinite.  Color  white.  Its  comp«*Hition  is  Hg.MaSiaOji  +  water,  or 
Al2<:>3,2Si02,5H2()  =.silica  3S.5,  alumina  32.7,  water  28.S.    Sp.  gr.  2.37. 

AUophane. — .Vmnrphous.  As  incrustations  which  are  usually  thin, 
with  riiammillary  surf::»ce.  Occasionally  iilmost  pulverulent.  Fr:i(ture 
imperfectly  conchoidal  and  shining  to  earthy.  \*erj'  brittle.  Color 
variuble.  Translucent.  Hardness  3.  Sp.  gr.  I.SiV-l.SO.  A  hydrous 
aluminum  silicate,  Al2!*^i05+5H2()  ^silica  23.S,  alumina  40.5,  water  35.7. 

Other  species  listed  by  Pana  in  the  kaolinite  group  are  cimoUte, 
jnnntmorillonife.  pymphyllite,  collyritp,  and  schrotterite. 

he  Chatelier's  Experiments,--TI.  Ia}.  Chateiier,'^  in  studying  the  action 
of  heat  on  certain  clays,  emphjisized  the  fact  that  the  hydrated  aluminum 
alicatefl,  in  spite  of  their  common  oeeiirronee  and  their  industrial  iniport- 

'  Mo.  Gfol.  Surv.,  XI,  p.  50,  1897. 

I'N.  J,  Geol.  Sun-.,  IS78. 
he. 
IBruikett  and  Williams,  Amer.  Jour.  Sci.,  XLII,  p.  Iti,  ]S91. 
bbid. 
'Compt.  rend,, CIV,  p.  I  I4:i.  1«17;  aJrio  Ding.  p<ilyt.  Jour..  CCLXV.  p.  0-1,  1887^ 
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Ance,  are  little  known  as  regards  their  ciicmical  coustilution.  Tlu 
generally  form  mixtures  so  complex  that  analysis  alone  furnishes  ] 
precise  dalA  as  to  their  nature,  and  he  dugge:3ts  that  by  studying  i, 
temperature  of  dehydration  of  these  bodies,  it  may  be  posaible  to  ide 
tify  a  araall  number  of  chemical  species,  and  to  distinguish  the  pre:»eiu 
of  each  of  them  in  different  mixtures.  Lc  ChateHer  states  tliat  if  a  si 
quantity  of  clay  is  rapidly  hcutcd  there  occurs  at  the  moment  of  d 
hydration  a  retardation  in  the  rise  of  tompcrature,  and  this  point  n^ 
be  utilized  for  establishing  a  distinction  between  the  various  hydrate 
aluminum  silicates. 

As  a  reeult  of  his  experiments  he  recognized  the  following  groups: 

1.  Halloysite  (2Si02.Al2(>3!2HaO+Aq).     Shows  a  retardation  in  tli 
Kite  of  rise  of  the  t-erapcruturc  l>etween  150°  and  20U**  C,  a  second  oi 
at  700°  C,  followed  by  a  sudden  acceleration  at  1000°  C. 

2.  AUophane    (yiOa.A!203+Aq).     Retardation    between    150°  an 
220°  C,  and  acceleration  at  1000^  C. 

3.  Kftolin  (2Si(:>2rAl203,2H20).    Shows  retardation  towards  770°  C 
and  a  slight  acTclcration  towards  UKX)°  C. 

4.  Pyniphyllite    (4.Si<)2,AM);,.H2a).    The  first   distinct  retardation 
occurs  at  700°  C,  and  a  second,  but  less-evident  one,  at  850**  C. 

5.  Monfcmorillonite   {4>^K)2.A]2(>3.H20+Aq).      First   retardation  al 
about  2(X)°  C;  a  second  at  770°  C,  and  a  third  less-marked  one  at  950°  Q 

Other  Minerals 

Quartz. — This  mineral  whose  formula  is  SiOa  is  found  in  at  leas 
small  quantities  in  nearly  every  clay,  whether  retiiduftl  or  sedimentaiyi 
but  the  grains  arc  rarely  large  enough  to  be  seen  with  the  naked  e>' 
They  arc  trunshicent  or  transparent,  usually  of  angular  form  in  residua 
clays  and  rounded  in  aedimenian*  ones,  on  account  of  the  rolling  lh«j 
have  received  while  being  washed  along  the  river  channel  to  the  se* 
or  dashed  alwut  by  the  waves  on  the  !>each  previous  to  their  depofiitioi 
in  deeper,  quiet  water.  The  quartz  grains  may  be  colorless,  but  are  DU 
nfteji  colored  superficially  red  or  yellow  !>y  iron  oxide.  Nodular  maesa 
of  amorplwjus  silica,  termed  chert  or  flint,  are  found  in  some  da; 
These  arc  not  uncommon  in  many  residual  clays  of  the  Southeast^ 
States,  and  cjuartz  pebbles  are  by  no  means  rare  in  many  sedimentaq 
clays  of  Mesozoic  or  Tleistocene  a^e;  indeed,  most  of  the  sand-grain 
found  in  the  coarse,  pritty  surface  clays  of  j:icdimentar>*  character 
quartz.  This  mineral  also  forms  most  of  the  hard  pebbles  found  in  t 
fio-called  "feldspar"  beds  of  the  Woodl)ridge  district  of  New  J<'r^■e^ .' 


'  Kicsand  Kummel,  X.  J.  Gool.  Surv.,  Fin.  Ilept..  VI,  p.  468.  IU04. 


CHEMICAL  PROPERTIES  OF  CLAV 


Both  quartz  and  flint  are  highly  refractor^',  being  fusible  only  at 
cone  35  of  the  Seger  series  (sec  Fusibility,  Chap.  Ill),  but  the  presence 
I    of  other  minernis  in  the  clay  may  exert  a  fluxing  action  and  cause  the 
^^uartz  to  soften  at  a  much  lower  tempernture.  * 

^B  The  amount  of  quartz  in  clays  varies  from  under  one  per  cent  in 
^^me  kaolins  or  fire-clays  to  over  50  or  60  per  cent  in  some  ver>'  sandy 
Pmck-elays. 

Feldspar. — This  mineral  is  nearly  as  abundant  in  some  clays  as  quartz, 
I    but.  owing  to  the  case  with  which  it  dectimpose-s,  the  grains  are  rarely 
as  liLfgc. 

Whi?n  fresh  and  imdecomposed  tlie  grains  have  a  bright  histcr,  and 
ilit  off  with  flat  surfaces  or  cleavages.    Feldspar  is  slightly  softer  than 
aartz,  and  while  the  latter,  as  already  mentioned,  scratches  glass,  the 
mer  will  not. 

There  are  several  species  of  felds^par,  which  var>"  somewhat  in  their 
nical  composition,  and  are  known  by  different   names,  as  shown 
slow. 

CoMPOPmON    OF    FELDltrARS 


Fcldffoar  Species. 


ie 

iclAAe.  . , 

{.atiradnn'te. 

rthitc.  . 


Cbsninl  Oomimritian. 


BiO^ 


AlA- 


W.70 

18.40 

68 

20 

62 

24 

63 

30 

43 

37 

BsO 


16.90 


N«iO. 


12 

n 

4 


CaO. 


12 

5 

13 


The  fusing-point  of  feld0i>ar  is  about  cone  9  (see  Scger  Cones,  under 

FusiV»ility).  but  the  different  species  var.*  somewhat  in  their  mclting- 

^a>jnt8.    Tlio  feldspar  grains  may,  however,  begin  to  flux  with  other  in" 

^pedicnts  of  the  clay  at  a  much  lower  temperature.    (See  under  Alkalies.) 

Mica. — This  is  one  of  the  few  mineral.s  in  chy  that  can  be  easily 

1    det«?tcd  viith  the  naked  eye,  for  it  occurs  n)nmn>nly  in-the  form  of  thin, 

3ca!y   particles  whose  bright,  shining  surface  renders  them  very  con- 

spiciiotjs.  even  when  small.     Very  few  clays  arc  entirely  free  from  mica, 

^K-en  in  their  wjkshed  condition,  for,  on  account  of  the  light  scaly  char- 

^^t^rof  the  mineral,  it  floats  off  with  the  clay  particles.    «Some  clays  are 

highly  micaceous,  but  such  are  rarely  of  much  ctminiercial  value. 

There  are  several  species  of  mica,  all  of  rather  complex  composition, 
but  all  silirates  of  alumina,  with  other  bases,    'iwo  of  the  c^mmonefic 


I 


M 


CLAYS 


species  are  the  white  mica  or  muscovite,  H3KAl3(Si04)3 » (SiOt 
45.2,  AI2O3  38  5,  KjO  U.8,  HgO  4.5).  and  the  black  mica  or  bioiKe 
(III  K)2(Mg,Fe)2(Al.Fej2(''^i04)3.  Of  these  two.  the  muscovite  is  the  idosi 
abundant  in  clay,  because  it  is  not  readily  attacked  by  the  weathenng 
agents.  Tlie  biotite,  ou  the  other  hand,  decomposes  much  more  rapidh 
on  account  of  the  Iwn  oxide  which  it  contains.  Other  species  of  tbc 
mica  gniup  are  mi  doubt  present  in  some  clays.  The  effect  of  mica  i 
burning  is  mentioned  under  Alkalies. 

Ijcpitlolite  o<-curs  in  huuic  clays,  as  evidenced  by  the  small  amouni 
of  lithia  which  have  been  occa^iunally  ni)ted.' 

Iron  Ores. — This  title  includes  a  series  of  iron  compounds  which 
sometimes  grouped  under  the  above  heading,  because  they  are  the 
ones  that  serve  as  ores  of  iron  when  found  in  sufficiently  concent 
form.     The   mineral  species  included   under  this   head  are:   Linxinii 
<2Ke/)3.3H20  ^FesOj  S5.5%.  H2O  U.5%),  hematite  (FeaOa),  magneti 
<Ke;,04),  HJderiie  (Fea^3"FeC>  62.1%,  Cf)2S7.97c)- 

Limonite. — This  mineral  occurs  in  cla3's  in  a  variety  of  forms,  am 
is  often  widely  distributed  in  them,  its  presence  when  in  a  finely  divided 
condition  being  shown  by  tlie  yellow  or  bniwn  ctdor  of  tiie  material 
When  the  clay  is  unifonnly  colored  the  limonite  is  evenly  distributed 
through  it,  sometimes  forming  a  mere  film  on  the  s^urface  of  the  grainsi 
at  otlicr  times  it  is  collected  into  small  rusty  grains,  or  again  foma 
concretionary  maw;es  of  i;pherical  or  irregular  shape;  in  still  other  clay 
it  is  found  in  the  form  of  .stringers  and  crusts,  extending  through  the  clay 
in  many  directions.  The  concretions  arc  often  especially  abundant  in 
some  weathered  clays.  At  times  they  take  the  shape  of  thicic-waUcd 
cylindrieal  lx>c]ies  which  ha\e  apparently  fonncd  around  plant-roota 
The  l>eds  cif  sandstone  found  in  inuny  of  the  sand  and  gravel  dcposi 
associated  with  some  clays  are  caused  by  limonite  cementing  the  sand- 
grains  together. 

Limouite  concretions  can  often  be  removed  by  hand-picking,  fl 
left  in  the  clay,  they  cause  fused  blotches  which  arc  unsightly  and  somfr 
times  even  cause  splitting  of  the  ware. 

Limonite  is  most  abundant  in  surface  clays,  especially  those  xvhict 
are  of  sandy  character  or  sufficiently  porous  to  admit  the  oxidizing 
waters  from  the  surface.  It  is  also  found  quite  frefpiently  in  the  weatlfc 
cred  outcrops  of  uian\-  shales. 

Hematite,  the  oxide  of  iron,  is  of  a  red  color  and  may  be  found  i 
clays,  but  it  changes  readily  to  limonite  on  exposure  to  the  air  and  lo 
the  presence  of  moisture. 


>  N.  W.  Lonl,  Amer.  Itut.  Mitu  Eng.,  Traos..  XII,  605. 
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Magnetite,  the    magnetic    oxide    nf    iron,  forma   black    magnetic 

ins.    anti,    wliile    not    rommon,    is    sonielimcs     foiimJ    when    thft 

terial  ts  examined  niifroscopieally.  Like  the  hematite,  it  change 
to  hmonite. 

Siderite,  the  rarl>onate  of  ji-on,  may  occur  in  clay  in  the  folhiwing 
funns:  I.  Aw  rcmcri'tiimary  niaascs  known  a«  (^lay-irfiiistoncs,  ranging 
in  size  from  a  fraction  nf  an  inch  to  several  feet  in  diameter.  They  are 
vcn^  abundant  in  some  Carboniferous  shales,  ami  arc  often  strung  out  in 
lines  parallel  with  the  stratification  of  the  clay.  If  near  the  surface, 
the  siderite  concretions  often  change  to  linxmite.  2.  In  the  form  of 
cprstalline  grains,  scattcrKi  through  the  clay  and  rarely  visible  to  the 
naked  eye.  3.  As  a  film  coating  other  minerals  in  the  clay.  This  min- 
eral will  also  change  to  limonite  if  exposed  to  the  weather. 

When  iron  carbonate  is  in  a  finely  divided  condition  and  evenly 
distributed  thn)ugh  the  clay  it  may  give  it  a  blue  or  slate-gray 
color. 

Siderite  may  be  present  in  some  surface  clays,  but  it  is  probably  of 
greatest  importance  in  shales,  notably  those  a.ssociated  with  coal-seams, 
and  may  occur  in  either  finely  divided  (disseminated)  or  concretionajy 
form. 

Pyrite  (FcS-Fc  46.6%,  S  53.4%).— This  mineral,  which  is  not 
■uncommon  in  some  clays,  can  be  often  seen  by  the  naked  eye,  and  is 

iwn  to  the  clay-minei^i  in  some  districts  as  Ruipkur.     It  has  a  yellow 

T.  metallic  luster,  and  occurs  in  large  lumps,  small  grains  or  cubes, 
r  again  in  flat  rosette-like  forms.  Not  infrequently  it  is  formed  on  or 
around  lumps  of  lignite,  showing  quite  clearly  that  the  carbonaceous 
matter  has  reduced  some  iron  sulphate  present  to  sulphide.  It  is  a 
familiar  object  to  all  clay-miners  of  the  Raritan  district  of  New  Jersey, 
and  abundant  also  in  many  Carbon  if eifuis  clays. 

^V"llOD  exposed  to  the  weather  pyrite  alters  rather  •asily,  first  to  the 
ijiilphato  of  iron  and  then  to  limonite.  Clays  containing  pyrite  are  not, 
as  a  rule,  desired  by  the  clay-worker,  and  in  mining  the  pyritic  material 
is  rejected. 

!*yritc  may  be  found  in  almost  any  clay  or  shale,  but  owing  to  the 
paso  with  which  it  is  converted  into  limonite  its  formation  or  pentianence 
in  surface  clays  is  rare. 

Caicite  (CarOa=Ca(:)  56.00%.  COj  44.00  %).— This  mineral,  when 
abundant^  is  found  chiefly  in  clays  of  recent  geological  age,  but  some 
shales  also  contain  considerable  quantities  of  it.  It  can  be  ea-Rily  de- 
lected, for  it  dissolves  rapidly  in  weak  acids,  and  effen'esces  violently 
upon  the  application  of  a  drop  of  muriatic  acid  or  even  vineear.     It  is 
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rarely  present  in  grains  large  enoueU  to  be  seen  with  the  naked  eye,  but 
has  been  detectetl  witli  the  microscope.* 

In  some  clays  calcite,  as  well  as  sorae  other  minerals,  may  form  con- 
cretions. Many  of  the  lacustrine  and  glacial  clays  found  in  WUconsin 
and  Michigan  contain  large  quantities  of  lime  carbonate,  and  ^twe  of 
those  found  in  other  states  are  highly  calcareous.  The  flood-plain  clayt 
mentioned  under  Texas  often  carry  a  higli  percentage  of  carbtmalcof 
lime. 

Gypsum  (raS04,2H2O=C'aO  32.6%.  SO3  46.5%,  Hai)  20.9*7)- 
It  is  doubtful  whether  this  mineral  is  widely  distributed  in  clays,  but  it 
is  true  that  some  deposits  contain  large  quantities  of  it.  It  may  occur 
in  a  finely  divided  condition,  or  in  the  form  of  crystals,  plates,  or  fibrous 
masses  of  .selenitc. 

The  4Salina  shales  of  New  York  frequently  contain  large  plates  of 
nearly  clear  selenite,  while  some  clays  of  the  southern  Atlantic  coa«tal 
plain  exhibit  6ne  cr>'stals  of  it.  Its  softness,  pearly  luster,  and  trans- 
parency render  its  identification  easy  when  the  pieces  are  of  niarrofi<x)pii? 
size.  When  heated  to  a  temperature  of  25fl*  C.  (4S2*  P.)  the  gj-psnni 
loses  its  water  of  combination,  and  when  burned  to  a  still  higher  tem- 
pemturc  the  sulphuric  acid  passes  off. 

Rutile  (Ti02=Ti  Q07c,  0  40',1)  is  presumed  to  be  of  wide-spread 
occumpnt'c  in  clays,  because  titanium  is  usually  found  on  chemical  analy- 
sis when  proper  tests  are  made.  Uutile  grains  can  be  seen  under  the 
microscope  in  many  fire-clays,  and  the  analyses  frequently  show  the 
presence  of  titanium,  oxide  to  the  extent  of  two  per  cent  or  more.  The 
presence  of  this  mineral,  however,  is  unfortunately  too  commonly  ignored 
in  th(»  analysis  of  clay,  and  yet,  as  will  be  shown  later,  its  effect  on  thi 
fusibility  of  clay  is  such  that  it  should  not  be  neglceted  in  the  higher 
{ptidcs  at  least.  It  occurs  mostly  in  the  form  of  bristle-like  cr>'8tals. 
No  systematic  stu^y  of  their  occurrence  in  clay  has  ever  been  taken  up^ 
The  writer  has  obscned  them  in  some  of  the  Staten  Island,  N.  Y.,  clays^ 
and  rpferifnce  ha«  been  made  to  them  fmm  time  to  time  by  other  writers.' 

nmeolte  (TiFfoO^)  probably  occurs  in  clays,  but  a.s  far  as  the  write! 
is  aware  its  presence  has  not  been  definitely  mentioned.  If  present,  il 
would  probably  be  in  part  altered  to  leucoxene  Ilmenite  is  most  likely 
to  occur  in  those  clays  which  have  been  derived  from  soda-rich  and  basic 
eruptive  rocks. 


'Wheeler,  Mo.  Geol.  Surv.,  XI;  Bncklev,  Wis.  Geol.  and  Nat.  Hist.  Survey, 
Bull.  VII,  Pt.  1. 

>  See  J.  J.  H.  TeaU,  Jlin.  Mag.,  Ill,  301;  G.  E.  Ladd,  Amer.  GeoL,  XXMI,  2¥>^ 
1S99. 


CHE&flCAL  PROPERTIES  OF  CLAY  67 

GUiucoxute,  a  hydrous  nilicato  of  potash  and  iron,  is  a  common 
ingredient  of  some  clays.  lis  coraposition  is  often  somewhat  varialilc, 
and  it  may  contain  olhcr  iugrfdienta  aa  impurities.  Thus  a  sample 
from  New  Jersey  analyzed:*  Silica  50.70Vc,  alumina  S.03%,  iron 
oxide  22.50%,  magnesia  2.16'.;,,  lime  l.U%,  potash  5.80%.  »oda  0.75%. 
water  K.95%.  It  is  an  easily  fu^hle  mineral,  and  hence  a  high  percentage 
of  it  is  not  desired  in  a  clay.  It  is  found  in  the  Clay  Marl  formations 
of  the  New  Jersey  Cretaceous^  and  in  the  Koccnc  formations  of  .Marj- 
land  ^  and  other  coa.-^tal-plain  stati<s. 

Dolomite  and  Magnesite.— iMlonute  (CaMgC03  =  CaO  30.4%,  MgO 
21.7%  ,C02  47.S'';)  and  majiaiprtite  (MgCOg^Mgl)  47.6%,COa  52.4%) 
may  both  occur  in  clay,  'lliey  ares<ift  minemls  resomhiing  calcite,  and 
cither  alone  is  highly  refractory',  but  when  mixed  with  other  minerals  they 
exert  a  fluxing  action,  although  not  at  eo  low  a  temperature  as  lime. 

In  some  residual  clays  derived  from  dol'tmitic  limestone  the  grains 
of  the  dolomite  are  clearly  visible  in  ih*»se  portions  of  the  mass  in  which 
disintegration  has  not  proceeded  very  far. 

Hornblende  and  Garnet.— Those  arc  Ijoth  silicate  minerals  of  com- 

Icx  c<juiiK>sition,  which  are  probably  abundant  in  many  impure  clays, 

ut  their  grains  are  rarely  larger  than  microseopic  size.    Both  are  easily 

ffusiblep  and  wrather  readily  on  account  of  the  iron  ox.ide  in  them,  and 

therefore  imimrt  a  deep-red  color  to  clays  formed  from  mcks  in  whicli 

ihey  are  a  prominent  constituent. 

G&met  in  fair>sized  grains  has  been  noted  by  the  writer  in  some  of 
the  North  Cantlina  kaolins. 

VanadiateSf  though  not  common  in  chtys.  may  cause  discoloration. 
In  Germany  they  have  been  found  in  clays  associated  with  the  lignites, 
^•od  also  in  some  fire-clays,*  but  in  this  countr)-,  so  f ar  aa  the  writer  Is 
^^wai«,  the}'  liave  never  been  invest  igatcd.  Clays  containing  soluble 
^nanadiales,  if  not  burned  at  a  sufficiently  high  temperature,  will  show 
^on  the  surface  of  the  ware  a  green  discoloration  which,  though  it  can  Ije 
L  washed  off  with  water,  will  continue  to  return  us  long  as  any  of  the  salt 
^^  left  in  the  brick.  Vanadiates  may  be  rendered  insoluble  by  bunting 
^the  clay  to  a  point  of  vitrification.'' 

Tourmaline. — Since  this  mineral  is  not  an  uncommon  constituent  of 
manv  pegmatite  veins,  it  is  sometimes  found  in  kaolins  derived  from 
pegmatites.  Large  cr>stals  of  tourmaline  are  frequently  found  in  the 
kftolin  of  Henr>'  County,  Virginia. 

'  S.  J.  Geol.  Surr..  Fin.  Rtpt.,  VI,  p.  48,  1904.      *  Seger.  Gee.  Schrifl.  p.  aOl. 
'Ibid.,  p.  151.  Mbid. 

•  Md.  Geol.  Surv.,  Eocene,  p.  52,  1901. 
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Manganese  oxides. — These  occur  ia  many  clays  in  small  amouots, 
and  when  detcnnincxl  arc  found  to  rarcty  exceed  one  per  cent.  Xn  some 
residual  ctiiys  the  manganese  has  been  sufficiently  concentrated  to  be 
worth  collecting. 

Vivianite  (Fe2P208+8H20  =  FeO  43%,  P^Os  28.3%,  HjO  28.7%)  hss 
not  been  desL-ribed  as  a  common  constituent  of  clay.  It  has  beco  noted 
in  certain  Pleistocene  clays  of  Maryland,^  in  which  it  occurs  aa  Bmall 
blue  spots.  It  is  not  known  what  effect  large  quantities  of  it  might  have 
on  the  clay. 

Rare  elements. — Even  such  rare  elements  as  cerium,  j-ttxium,  oad 
beryllium  oxides  have  been  determined  in  some  clays.^ 

THE    CHEMICAL   ANALYSIS   OP   CLAYB 

There  are  two  methods  of  quantitatively  analyzing  clays.  One  of 
these  is  termed  the  ultimate  analysis,  the  other  is  known  as  the  rntJonal 
analysis. 

The  ultimate  analysis. — In  this  method  of  analysis,  which  is  the  one 
Lusuolty  eniployetl,  the  various  iiigre<lients  of  a  clay  are  considered  to 
'exist  as  oxides,  although  they  may  really  lie  present  in  much  more  com- 
plex forms.    Thus,  for  example,  calcium  carbonate  (CaCOj),  if  it  were 
present,  is  not  expressed  as  such,  but  instcnd  it  is  considered  as  I>rr)ken 
up  into  carbon  dio.xide  (CO^)  and  lime  (CuO),  witli  the  percentage  of 
each  given  separately.    The  sum  of  these  two  percentages  would,  how- 
ever, be  equal  to  the  amount  of  lime  carbonate  present.     While  the 
ultimate  analysis,  therefore,  fails  to  indicate  definitely  what  compounds 
are  present  in  the  clay,  still  there  are  many  facta  to  be  fsained  from  it. 
The  ultimate  analysis  of  a  clay  might  be  expressed  as  follows: 

Silica (SiOa) 

Alumina (.\I2O3) 

Ferric  oxide, .  .  .(FcsOj) 

Lime (CaO) 

Magnesia (MgO) 

Alkali^..  i'^"i^'«'» (I^^O) 

ISoda (NasO) 

Titanic  oxide. ,  .  (TiOj) 

Sulphur  trioxide.  (SOs) 

Carbon  dioxide. .  (COj) 

Water (HjO) 

'  M(J.  Gty.l.  Siirv..  TV.  22.S,  1902. 

»J.  It.  Strulmcker,  Jour,  prakt.  Chcm.  (2),  XXXIII,  p.  132;  Aba.  Jour  Clwin, 
Soc.,  L.  p.  314.  1886. 


Fluxing  impurities. 
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In  most  analyses  the  first  seven  of  these  and  the  last  one  are  usually 
determined.  The  percentage  of  carbon  dioxide  is  small,  except  in  very 
calcareous  clays,  and  therefore  commonly  remains  undetermined.  Titanic 
oxide  is  rarely  looked  for,  except  in  fire-i-lays,  and  even  here  its  presence 
is  frequently  neglected.  Since  the  suljihur  trioxide,  carbon  dioxide,  and 
water  are  volatile  at  a  red  heat,  they  are  often  determined  collectively 
and  expressed  as  'Uoss  on  ignition.*'  If  carbonaceous  matter,  such  aa 
lignite,  is  present,  this  also  will  burn  off  at  redness.  To  separate  these 
lour,  special  methods  are  necessary,  but  they  are  rarely  applied,  and 
in  fact  are  not  verj'  necessary  except  in  calcareoua  clan's  or  highly  car- 
bonaceous ones.  The  loss  on  ignition  in  the  majority  of  dry  *  clays  is 
«hiefly  chemically  combined  water.  The  ferric  oxide,  lime,  magnesia, 
potash,  and  soda  are  terintKi  the  fluxmg  impurities,  and  their  effects  are 
discussed  under  the  head  of  Iron,  Lime,  Magnesia,  etc.,  and  also  under 
fusibility  in  Chapter  IJl. 

All  clays  contain  a  small  but  variable  amount  of  moisture  in  their 
pores,  which  can  be  driven  off  at  ItKf  C.  (212°  F.).  In  order,  therefore, 
to  obtain  results  that  can  be  easily  compared,  it  is  dcsirabJe  to  make 
the  analysis  on  a  moisture-free  sample  which  has  been  previously  dried 
in  a  hot-air  bath.     This  is  unfortunately  not  universally  done. 

Interpretation  of  ultimate  analysis.— ^The  facts  obtainable  from  the 
ultimate  analysis  of  a  clay  are  the  following: 

1.  The  purity  of  the  clay,  showing  the  proportions  of  silica,  alumina, 
combined  water,  and  fluxing  impurities.  High-grade  elays  .show  a  per- 
centage of  silica,  alumina,  and  water  approaching  quite  closely  to  those 
of  kaolinite. 

2.  The  refractoriness  of  the  clay;  for,  other  things  being  equal,  the 
greater  the  total  sum  of  fluxing  impurities,  the  more  fusible  the  clay. 

3.  The  color  to  which  the  day  burns.  This  may  be  judged  approxi- 
mately, for  clays  with  several  per  cent  or  more  of  ferric  oxide  will  burn 
red.  provided  the  iron  is  evenly  and  finely  distributed  in  the  clay,  and 
there  is  no  excess  of  lime  or  alumina.  The  above  conditions  will  be 
affected  by  a  reducing  atmosphere  in  burning,  or  the  presence  of  sul- 
phur in  the  fire  gases.^ 

4.  The  quantity  of  water.  Claya  with  a  large  amount  of  chemically 
combined  water  sometimes  exhibit  a  tendency  to  crack  in  burning,  and 
may  also  show  high  shrinkage.  If  a  hydrous  ahimininn  silicate  of  a 
composition  closely  resembling  kaolinite  is  the  only  mineral  present 
containing  chemically  combined  water  the  percentage  of  the  latter  will 

'  This  tin'rtiisdm'd  at  IfiO"  C  niitil  their  weight  i^s  constant.   See  under  Muihturc. 
*  See  Lime  imd  Iruii  in  this  chapter. 
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be  approximately  one  third  that  of  the  percentaRe  of  alumina,  but  if 
the  clay  eoiitalmi  much  liniunite  or  hydrous  siUca  the  percentage  of 
chemically  cumbineil  water  may  lie  much  higher. 

5.  ExceaB  of  silica.  A  large  e.\cess  of  silica  iudicatc};  a  sandy  clay. 
If  present  in  the  analysis  of  a  fire-chiyit  indicates  only  moderate  refrac-- 
toriness. 

6.  The  quantity  of  organic  matter.  If  this  is  determined  separately, 
and  it  is  present  to  the  extent  of  several  per  cent,  it  would  require  slow- 
burning  during  the  oxidation  period  if  the  clay  was  dense. 

7.  The  presence  of  several  per  cent  of  both  lime  (CaO)  and  carbon 
dioxide  (CO2)  in  the  clay  indicates  that  it  is  quite  calcareous. 

Variation  in  chemical  composition  of  clays. — The  variation  in  the 
ultimate  composition  of  clays  is  well  brought  out  by  the  foUowmg 
analyses: 

ASALYSKS  SIIOWINO   VARIATION   IN  COMPOflmOV  OP  ClAV8 


a.     lEi. 


IV 


VI.       VII.     VIIJ  I    IX 


Silica  (.Siilv< '  48.8 

Alumiua  (.\ly>j) 139.8 

Fcrrirt  osirJe  i  I'o^fOi)  .  . 
ferrous  uxi'le  (I-«0].  ■ 

Unto  lOillK  ,         

M:icn<^4iu  (  Mk<J)  ...  ... 

l'otX'h(K|*» 

•S-iilii  tN-iji)) 

Tiumw  o^iilo  CnO,). .  . 

W.i<-r(H^>). 

Mi>i*lurT.     .  . 

Otrti-iri  .Unxiilff  (0O»).  ..i 
Bullibiir  tri'ixi'lo  (SOi).| 
Ore*"!!"-  liiiltlor.  ,  .1 

UBncniiotw  uxiile  ( MnO), 


13.9 


45.70 
40.01 

l.Sff 


SO  021  68.63 

27  56    U.»S 

lAMS      4.16 


.Sfi 


.64 

9.70 
1.12 


1.4S 
1.00 

3.30 

3  56 

3  7» 


.04 


82.45 

10  93 

1   (U 

22 
.911 

1  00 
3.4 


&4.Q4  3«  07;  00  on  17  n 
14  62  9  46'  4  00  14  W 
5  W>      2.70      1.44     3  6U 


&.I6 
2.00 

A. sol 

3^74' 

.85 

4.80 


ia.S4 

8. .50 

3  76 


i 


|2.49i 

30.4«l 


7H' 
iS  M 


13  » 
IK 
I* 

!S 

fn 

l.M 

l.U 


Tout 100.00  100.39  too. 07;   SB. 97  100.06    90.03 


99.06  too. 3rij  l)0.9»iai3S 


VI.   Ru-ik.  ChemltM  Cn«pny,  Tex. 
yil.   Brink  filiaU-,  Mrp>oh  OO.  U. 
V'MI.  CnlrAreiitin  cUy.  ,Mi1wauk(«.  Wh. 

IX.  Sninly  Urirki'tJtv.  OMtne-iM-il,  Tejfc 

X.  niiifl  --linlo-vLLy.  Kerriii.  Tex. 


I.  K«nJiR!tA. 

II.  Kaolin.  Web«t«r,  N.  C*- 
III.  Rjwtic  fire^liiy  St    Tfiui",  Un. 
XV.  FUnt  llre-ctav,  So  line*  vi  11^.  O. 

V.  LoeM>oUy.  Oiithric  Cemrc,  U, 

Variations  in  the  same  deposit. — Similar  difTercnces  may  not  infre- 
quently he  shinvn  by  the  different  layers  of  any  one  bank,  as  the  foUow- 
ing  analyses  indicate: 

Analyses  showino  Variations  w  the  Same  Deposit 

SIUca*(SiO,) 59  ■  10 

Alumina  {MM 28 .84 

Ferric  oxide  (Fe,0,) l.OO 

Umo  (CaO) .70 

Ma^enia  (SfgO) none 

Potaah  (K.O) tfapo 

Soda  (>ra,0) trace 

Titanium  oxide  (TiOJ ,87 

Water  (U,0) U.30 

_  99.81  98.8  »O.S 


11. 

III. 

51  S 

5(1.2 

17.8 

23.7 

ifi.a 

I-S 

1.00 

.e 

l.t 

1  .5 

1.6 

I  -4 

tr. 

2  .2 

1.8 

I  .6 

7.7 

11      I 
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tational  analysis.' — This  method  has  for  its  objert  the  determination 
le  |>eiTent4ige  of  tlip  ttiffcrent  mineral  compoundH  present,  such  as 
tz,  feldspar,  kmvlinite,  etc.,  and  gives  us  a  murh  lietter  concepti<m 
le  true  character  of  the  material.  Most  kaolins  and  other  higli-grade 
i  consist  chieHy  of  kaolinite  (or  some  similar  hydrous  aluminum 
lie),  quartz,  and  feldspar,  the  first  forming  most  of  the  finest  par- 
5  of  the  mass,  while  the  balance  is  quartz,  feldspar,  and  perhaps 
;  mica.  The  finest  particles  are  known  as  the  clay  s\i1>stance.  which 
be  looked  u|>f>n  as  having  the  properties  of  kaolinite.  Now,  as  each 
icsc  three  compounds  of  the  kaolin — clay  substance,  quartz,  and 
par — have  characteristic  properties,  the  kaolin  will  vary  in  its 
,vior  according  as  one  or  the  other  of  these  constituents  predominates 
:nds  to  increase. 

IS  to  the  characters  of  the  three,  quartz  is  of  high  refractoriness 
practically  non-plastic,  has  very  little  shrinkage,  and  is  of  low  tensile 
iglh;  feldspar  i.s  easily  fusible,  and  alone  hsis  little  plasticity;  kao- 
j  is  plastic  and  quite  refractory,  but  shrinks  considerablj'  in  burning. 
mica,  if  extremely  fine,  may  sen'e  as  a  flux,  and  even  ah:'ne  Is  not  | 
kCtory.  It  is  less  plastic  than  the  kaolinite,  and,  when  the  percentage 
does  not  exceed  1  or  2  per  cent,  it  can  be  neglected.  To  illustrate 
value  of  a  rational  analysis  we  can  take  the  following  example: 
elain  is  made  from  a  mixture  of  clay,  quartz,  and  feldspar.  Sup- 
that  a  manufacturer  of  porcelain  is  using  a  clay  of  the  following 
mal  composition:  , 

Clay  fiul>stancc 67.82% 

Quartz 30,93 

Feldspar 1 .25 

f  now  to  100  parts  of  this  there  are  added  50  parts  of  feldspar,  it 
,d  give  a  mixture  whose  composition  is: 

Clay  eubstaJice 45.21% 

B   Quartz 20. G2 

^   Feldspar 34. 17 

f,  however,  it  became  necessary  to  substitute  for  the  one  in  use  a 
clay  which  hod  a  composition  of: 

faay  substance 6fi ,  33% 
Quailz 15.01 
Feldspar IS. 91 

rhe  nwthod  i«  dtweTil>cd  in  the  Manual  of  O'mtnic  CalcutationR.  i-iMicd  by  the 
'ican  Cemraic  Society.    Bee  aim  Laogenliock,  Clicmistiy  of  Potteo',  l^S.*), 
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and  added  the  same  quantity  of  it  as  we  did  of  the  old  clay,  it  would 
change  the  rational  analysis  of  the  body  to  the  following  proportions; 

Clay  substance 44.22% 

Quartz 10-41 

Feldspar 45 .  9S 

Such  an  increase  of  feldspar,  as  shown  by  this  formula,  would  greatly 
increuse  the  fusibility  ami  shrinitage  of  the  mixture;  but,  knonmg  die 
rational  composition  of  the  new  clay,  it  would  be  easy,  by  makiog  t 
simple  cHlculatinn,  to  ascertuiu  how  much  quartz  and  fehispur  shuuld  be 
added  to  bring  the  mixture  back  to  its  nornial  composition. 

The  rational  composition  of  a  clay  can  be  determined  from  on  inti- 
mate analysis,  but  the  process  of  analysis  and  calculation  becomes  much 
more  complex.  The  rational  analysb  is,  furthermore,  useful  only  iq 
connection  with  mixtures  of  the  better  grades  of  clay,  in  which  thev&ria- 
tion  of  the  iugretlients  can  only  be  within  comparatively  narrow  liixuts. 
For  ordinary  puqKJses  ihe  ultimate  analysis  is  of  greater  value. 

Comparison  of  ultimate  and  rational  analyses.' ^ — If  we  compare  tbt 
ultimate  and  rational  analyses  of  a  series  of  clays  we  find  that  two  cUw 
which  agree  closely  in  their  ultunate  composition  may  differ  markedly 
in  their  rational  composition  and  vice  versa,  as  shown  in  the  table  ott 
page  63. 

In  this  table  Nos.  1  and  II  represent  two  clays  which  agree  very 
closely  in  their  ultimate  composition,  but  their  rational  analyses  differ 
by  6  per  cent  in  their  clay  substance.  12  per  cent  in  quartz,  and  nearly 
19  per  cent  in  feldspar.  Nos.  HI  and  V,  and  X  and  XII  also  illusiraltt 
this  point. 

In  Nos.  VI  and  \'II,  one  a  German  and  the  other  a  Nonh  Carolina 
kaolin,  the  ultimate  analyses  are  ver>'  closely  alike,  and  the  ratioiml 
analyses  also  agree  ver>"  well.  This  is  frequently  the  case  when  the  clay 
substance  ia  very  high,  between  96  and  100  per  cent,  as  in  Nos.  V 
and  XI. 

A  tfauti  case  would  be  presented  if  the  rationale  agreed  but  the  ult 
mates  did  not,  but  such  instances  seem  to  be  much  less  common. 


>  Ries,  Amer.  Inat.  Min.  Eng.,  Trans.,  XXVIII,  p.  160,  1899, 
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Method  of  making  Ultimate   Analysis 

The  method  employed  in  iiiuking  the  ultimate  aoalysis  is  UKUnJly 
that  outlined  below. 

A/aifliiiTc— Two  grams  are  iicated  in  a  platinum  crucible  at  100*  C. 
until  they  show  a  constant  wclgiit.    The  la's  is  reported  as  moisture, 

L^ss  on  irfiiition  (conibiiiwl  water,  aiid  sometimes  organic  matteTf 
etc.). — The  crufihlc  ami  clay  are  healed  with  a  blast-lamp  until  there  is 
no  further  loss  in  weight. 

Alkalies.— T)ih  same  |n)rtiuri  i)f  clay,  which  has  lx?cn  used  for  deter- 
mining moistare  and  luss,  is  tnealeil  with  concentrated  sulphuric  and 
hydroHuoric  acids  until  it  is  completely  decomposed.  The  acids  are 
evaporated  off  by  heating  upon  the  sand-bath.  The  nx^lcd  crucible  Is 
washed  out  with  boiling  water  to  which  several  drops  of  bydnxhlofie 
acid  have  Ixjcn  ndtled.  The  solution  after  being  made  up  to  about  fiv« 
hundred  cubic  centimeters  i.^  boile<I,  one-half  gram  ammonium  oxaUtfl 
added,  and  made  alkaline  with  ammoniimi  hydroxide;  the  boiling 
continued  until  but  a  faint  udor  of  anmioiiia  remain.s.  The  precipitate 
19.  allowed  to  scttli;  and  is  separated  from  the  liquid  by  filtering  and 
washed  three  times  with  boiling  water.  The  filtrate  is  evapomied  tfl 
dryness  and  ignited  to  drive  off  ammonium  salt,?.  The  residue  is  treated 
with  live  cubic  centimeters  of  Imiling  water,  two  or  three  cubic  ceuti 
meters  of  saturated  anminnium  carbonate  solution  are  added,  and  lU 
whole  is  filtered  into  a  weighed  crucible  or  dish.  The  precipitate 
washed  three  or  four  times  with  boiling  water  and  the  filtrate  eva[Kirute( 
to  dryness.  Five  drops  of  sulphuric  acid  arc  added  to  the  residue,  a 
then  the  crucible  or  dish  is  brought  to  a  red  heat,  cooled  in  a  desiccator; 
and  the  alkalies  are  weighetl  ns  sulphates. 

To  separate  the  alkalies,  the  sulphates  are  dissolved  in  hot  watec 
acidified  with  hydrochloric  acid,  fiufficient  platinuni  cliloride  added  tt 
convert  both  the  sodium  and  pota-ssium  salts  into  double  chlorides;  tM 
liquid  is  evaporated  to  a  s>Tup  upon  a  water-bath,  eighty  per  cent  alco 
hoi  ftddwl.and  filtered  through  a  Gooch  crucible  or  upon  a  tared  filler 
pajjer.  The  precipitate  is  thoroughly  washed  with  eighty  |«r  cent 
alcohol,  dried  at  100°  C.and  weighed;  the  potassium  oxide  is  calculate! 
from  the  double  chloride  of  potassium  and  plathiiim. 

When  magnesium  was  pre-sent  to  as  much  as  one  half  of  one  por  cetd 

the  magnesium   hydroxide   was   precipitated   with   barium   hydroxidl 

solution,  and  the  barium  in  turn  removed  by  ammonium   c^irbonatA 

ftHien  the  amount  of  magnesium  was  less  than  the  amount  named,  thi 

.portion  of  the  ordinary  process  was  not  regarded  as  neeessarj'. 
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Silica. — Two  p-ams  of  clay  are  mixed  with  ten  grams  of  sodium  car- 
bonate and  one-hulf  gram  of  potassium  nitrate  and  brought  to  a  calm 
fusion  in  a  platinum  crucible  over  the  blast-lamp.  The  meit  removed 
from  the  crucible  Ls  treated  with  an  excess  of  hydrochloric  acid  and 
evaporated  in  a  casserole  to  dryness  upcjn  a  water-bath,  and  heated  in 
an  aif'bath  at  1 1(P  C.  until  all  the  hydrochloric  acid  is  driven  off.  Di- 
lute hydrochloric  acid  is  added  tt>  the  cassenjie  now,  and  the  solution 
brought  to  t>oiling  ami  rapidly  filtered.  The  silica  is  washed  thoroughly 
witli  boiling  water  and  tlicn  ignited  in  a  platinum  crucible,  weighed,  and 
m<»wtc'ned  wUh  concentrated  sulphuric  acid.  Hydrofluoric  acid  is  cau- 
tiously addetl  until  all  the  silica  has  disappeared.  The  solution  is  evap- 
orated to  dryness  upon  a  sand-bath,  ignited,  and  weighed.  The  differ- 
ence in  weight  is  silica.  The  residue  may  contain  iron,  alumina,  and 
titanium. 

Iron  Sesqitioxxde. — The  filtrate  from  the  silica  is  divided  into  equal 
portions.  To  one  portion  in  a  reducing-flask  are  added  metallic  zinc  and 
sulphuric  acid.  After  reduction  and  filtration  to  free  the  liquid  from 
undissolved  zinc  and  carbon,  the  iron  is  determined  by  titration  with 
j«  standard  s<ilution  of  potassium  permanganate. 

Aluminum  Oxide. — To  the  second  portion,  which  must  be  brought 
to  boiling,  ammonium  hydroxide  is  added  in  slight  excess,  the  boiling 
continued  from  two  to  five  minutes,  the  precipitate  allowed  to  settle 
and  then  caught  upon  the  filter,  all  the  chlorides  being  washed  out  with 
boiling  water.  The  precipitate  is  ignited  and  weighed  as  a  mixture  of 
aluminium  oxide  and  iron  sesquioxide.  The  amount  of  iron  se8qul<ixide 
already  found  is  taken  from  this  and  the  remainder  reported  as 
alumina. 

Ccdtinm  Oxide. — The  filtrate  from  the  precipitate  of  iron  and  alumin- 
ium hydroxides  is  concent  nitcd  to  abmit  two  hundred  cubic  centimeters, 
and  the  calcium  precipitated  in  a  hot  solution  by  adding  one  gram  of 
ammonium  oxalate.  The  precipitate  is  allowed  to  settle  during  twelve 
hours,  filtered, and  washed  with  hot  water,  ignited,  and  weighed  iis  cal- 
cium oxide.  When  the  calcium  is  present  in  notable  amounts,  the  oxide 
is  converted  into  the  sulphate  and  weighed  as  such. 

Magnesium  Oxide. — The  filtrate  from  the  calcium  oxalate  precipitate 
ie  concentrated  to  about  one  hundred  cubic  centimeters,  cooled,  and  the 
magnesium  precipitated  by  means  of  hydrogen  disodium  phosphate  in 
a  strongly  alkaline  hydroxide  solution.  The  niagnosium  ammonium 
phosphate,  after  standing  overnight,  is  caught  upon  an  ashless  filter, 
washed  with  water  containing  ai  least  five  per  cent  ammonium  hydroxide, 

rued,  and  weighed  as  magnesium  pyrophosphate. 
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Titanie  Oxide. — One-lmlf  gram  clay  is  fused  with  five  grania  potafr> 
eium  biaulphaU'  aud  uue  gram  sodium  fluoride  in  a  spacious  pluCiQUD 
crucible.  Tiic  uielt  is  dissolved  in  five  per  cent  sulphuric  acid.  Hydm- 
geu  diuxide  is  added  to  an  aliquot  part  and  the  tint  compared  with  th&t 
obtained  from  a  standard  solution  of  titanium  sulphate. 

A  simpler  plan  is  to  fuse  tlic  ignited  alunuoa  and  iron  oxides  with 
potassium  bisulphate,  dissolve  tliis  in  warm  water,  a  little  sulphuric  acid, 
and  then  titrate  with  permangauAte  for  ferric  oxide.    This  same  st^a- 
tion  can,  after  the  disappearance  of  the  permanganate  color,  be  tnato 
with  hydrogen  peroxide  as  outlined  above. 

SiUphur  (toial  present). — The  sulphur  is  determined  by  fusing  one- 
half  gram  of  clay  with  a  mixture  of  sodium  carbonate,  five  parts,  and 
potassium  nitrate,  one  part.  The  melt  is  brought  into  solution  with 
hydrochloric  acid.  The  silica  Is  separated  by  evaporation,  hejiting,  re- 
solution, and  subsequent  filtration.  Hydrochloric  acid  is  added  totba 
filtrate  to  at  least  five  per  cent,  and  the  sulphuric  acid  is  precipitated 
by  adding  barium  chloride  in  sufficient  excess,  all  solutions  being  boil« 
ing  hot.  The  barium  sulphate  is  filtered  off  and  washed  with  hot  water, 
burned,  and  weighed  as  such. 

Ferrotii  Oxide  is  determined  by  fusing  one-half  gram  with  fi\'B  gniDii 
sodium  carbonate,  the  clay  being  well  covered  with  the  carbonate,  tbe 
top  being  upon  the  crucible.  The  melt  is  dissolved  in  a  mixture  of  di- 
lute hydrochloric  and  sulphuric  acids  in  an  atmosphere  of  carbon  dioxide. 
The  ferrous  mjn  is  determined  at  once  by  titration  with  a  slandaid 
potassium  permanganate  solution. 

Method  of  making  Rational  Analysis 

This  may  be  made  in  several  ways,  twu  of  which  are  given. 

1.  The  first  consists  in  separating  the  "insoluble  residue"  in  t1 
clay,  as  follows:   Two  grams  of  the  material  are  digested  with  twenty 
cubic  centimeters  of  dilute  sulphuric  acid  for  six  or  eight  hours  on 
sand-bath,  the  excess  of  acid  being  finally  driven  off. 

One  cubic  centimeter  of  concentrated  hydrochlonc  acid  is  now  adda 
and  boiling  water.  The  insoluble  portion  is  filtered  off,  and  after  beinj 
thoroughly  washed  with  boiling  water  is  digested  in  fifteen  cubic  ceB« 
timeters  of  boiling  sodium  hydroxide  of  ten  per  cent  strength.  Twenty- 
five  cubic  centimeters  of  hot  water  are  added  and  the  solution  filtered 
through  the  same  tilter-paper,  the  residue  being  washed  five  or  ax 
times  with  boiling  water.  The  residue  is  now  treated  with  hydrochlorip 
acid  in  the  same  manner  and  wosIimI  upon  the  filler-paper,  until  fiw 
from  hydrochloric  acid,  is  burned  and  weighed  as  insoluble  residue. 


CHEMICAL  PKOPKKTIKS  OF  CLAY  67 

The  alumina  found  in  the  portion  insoluble  in  sulphuric  acid  and 
odium  hydroxide  is  multiplied  by  3.51.  This  factor  has  been  found  to 
cpresent  the  average  ratio  between  alumina  and  silica  in  orthoclase 
sldspar;  therefore  the  product  just  obtained  represents  the  amount  of 
ilica  that  would  be  present  in  undecompoaed  ftjldspar.  The  sum  of 
his  silica  with  the  alumina,  ferric  oxide,  and  alkalies  equals  the  "feld- 
pathic  dctrittis."  The  difference  between  silica  as  calculated  for  feld- 
par  and  the  total  silica  in  the  insoluble  portion  represents  the  "quartz  '* 
(T  *'frec  sand."  The  difference  l>etween  that  portion  of  the  sample 
Eisolublc  in  sulphuric  acid  and  sodium  hydroxide  and  the  total  repre- 
enta  the  "clay  substance," 
»  2.  A  second  method,  and  one  used  in  Germany,*  is  conducted  as  fol- 

After  6ve  grams  of  clay  are  weighed  and  placed  in  a  200  c.c.  Erlen- 
cr  flask,  100-150  c.c.  of  water  and  2  cc.  of  sodium  hydrate  are 

3ed,  and  the  contents  boiled,  covering  the  flask  with  a  small  glufs 
innel.  The  contents  of  the  flawk  are  allowed  to  cool,  and  25  c.c.  of 
sulphuric  acid  is  added.  Continue  the  boiling  until  the  fumes  tf  the 
M^id  begin  to  be  driven  off  the  tlask. 

As  a  result  of  the  reactions  which  have  taken  place  the  calcium 
sarbonut«  has  been  i'hunj;e<l  to  calcium  sulphate,  the  aluminum  silicate 
bas  been  converted  into  aluminum  sulphate  and  silicic  acid,  while  the 
quartz  and  feldspar  remain.  Water  is  added  to  the  flask  and  most  of 
Uie  sulphuric  acid  and  aluminum  sulpluite  washed  out  of  the  residue  by 
Recantation. 

In  washing  by  decantation  the  water  which  is  decanted  should  be 
placed  upon  a  filter-paper,  for  the  reason  that,  should  any  of  the  residue 
be  removed  frtun  the  Bask,  it  can  be  returned  by  making  a  hole  in  the 
Glt«r  and  washing  back  into  the  flask. 

After  washing  by  decantation  the  contents  of  the  flnsk  are  treated 
(irith  hydrochloric  acid  (100  c.c.)  and  boiled.  Decant  off  the  liquid  and 
add  sodium  hydn»xide  (100  c.c),  boil  and  decant.  Itepeat  the  above 
prooen  with  hydrochloric  acid  and  R*Klium  hydrate.  The  residue  is  then 
transferred  to  a  filter  and  washed  with  dilute  hydrochloric  acid  (1  to 
20).  The  filter  with  contents  is  transferred  to  a  platinum  crucible 
Uld  weight  determined. 

The  contents  of  the  crucible  are  treated  with  a  few  drops  of  sul- 
phuric acid  and  small  quantities  of  hydrofluoric  acid,  evaporated  to 
dryness  in  the  water-bath,  ignited,  weighed,  and  from  the  loss  calculate 

'  Lodcnburg,  lUndwortcrbuch  der  Cbeiuic,  12,  p.  15. 
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and  determine  aluminum,  iron,  etc.     From  the  aluminum  found  in  i 
residue  the  feldspar  is  calculated^  1  part  of  alumina  (aluminum  oxide)a 
5.41  of  feldspar. 

Although,  us  pointed  out  above,  the  rational  analysis  is  an  invalu- 
able aid  to  the  investigator  of  high-grade  clays,  still  the  methods  em- 
ployed are  far  from  sulisfactory  or  accurate,  for  in  the  treatment  of  the 
clay  with  concentrated  auiphuric  acid  the  feldspar  does  not  remain 
attacked,^  and  the  mica  may  also  be  decomposed. 

This  fact  led  Buckley  -  to  adopt  the  following  method  for  the  WI»- 
cOQsio  chiys,  which  are  usually  impure  and  often  of  highly  feldsi>athic 
character.  "The  feldspar  and  kaoUnite  were  calculated  from  the  ulti* 
mate  analysis,  using  the  following  jxirccntagc  compositiona  of  feldspar: 
K2O,  16.a;  AI2O3,  IS.4;  GSiOj,  64.7;  and  NajO,  ll.S;  AI2O3,  lyj; 
6Si02,  6S.7;  and  kaolintte  as  AI2O3,  39.5;  2Si02,  46.5;  2H2O,  14;  as 
given  by  Dana.^ 

"AU  the  potash  and  soda  were  figured  to  feldspar.  The  altunitta 
required  for  the  feldspar  was  deducted  from  the  total  alumina,  and  the 
difference  was  taken  as  the  starting-point  from  which  to  figure  the  kao- 
linite  substance.  The  difference  between  the  total  silica  (SiOj)  and  that 
required  by  both  feldspar  and  kaolin  gives  the  quartz  and  the  silica  io 
mlicates  other  than  those  mentioned." 


UINERAL  COMPOUNDS  I.\*  CLAY  AXD  TBKtR  CHEUICAL  EFFECTS 

All  the  constituents  of  clay  influence  its  behavior  in  one  way  or  another, 
their  effect  being  often  noticeable  when  only  small  amounts  are  present 
Their  influence  can  perhaps  be  best  discussed  individually. 


Silica  4 

This  is  present  in  clay  in  two  different  forms,  namely,  uncombined 
as  silica  or  quartz  and  in  silicates,  of  which  there  are  several.  Of 
these  one  of  the  most  important  is  the  mineral  kaolinite,  which  probably 
occurs  in  all  clays,  and  is  termed  the  clay  base  or  clay  substance.  The 
other  silicates  include  feldspar,  mica,  glauconite,  hornblende,  garnet,  etc. 
These  two  modes  of  occiurence  of  silica,  however,  are  not  always  dis- 
tinguished in  the  ultimate  aniilj^ie  of  a  claj%  but  when  this  is  done  they 
are  commonly  designated  as  "free  "  and  "combined  "  silica,  the  former 

'  LanRenbock.  CbemiHiry  nf  Pottery,  pp.  3-12. 

»  Wis.  Geo!,  and  Nat.  Iliflt.  Sun,*..  BuU.  7.  Pt.  I.  p.  287.  1901.  M 

■  Icjit-book  of  Miticmlogy,  pp.  371,  377.  and  481.  m 

*  See  aiiio  descriptioti  cf  the  minerals  quartz,  (eldspur,  kaolinite,  and  mica  above. 
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fffcmng  to  all  silica  except  that  containpH  in  the  kaolinit-e,  which  is 
indiuited  by  the  latter  term.  This  is  an  uofurtunute  custom,  for  the 
sUica  in  silicates  is,  properly  speaking,  combined  silica,  just  as  much  as 
that  contained  in  kuoliuitc.  A  better  practice  is  lo  use  tl»c  term  sand 
to  include  quartz  and  silicate  minerals  other  than  kaoUnite,  ^^liich  are 
not  decomposable  by  sulphuric  acid.  In  the  majority  of  analyses,  how- 
ever, the  silica  from  both  groups  of  minerals  is  expressed  collectively  as 
"  total "  silica. 

The  percentage  of  both  quartz  and  total  silica  found  in  clays  varies 
between  wide  limits,  as  can  be  seen  from  the  following  examples,  Wheeler 
gives  a  minimum  ^  of  5  per  cent  in  tiic  flint-clays,  and  the  suiid  |)ercentage 
as  20  to  43  per  cent  in  the  St.  Louis  clajs.  and  20  to  50  per  cent  in  the 
ioees-clays.  Twenty-seven  samples  of  Alabama  claj-s  analyzed  by  the 
writOT  contained  from  5  to  50  per  cent  of  iawluble  residue,  moetly  quarti.' 
In  seventy  North  Carolina  clays^  the  insoluble  sand  ranged  from  15.15  to 
70.43  per  cent. 

The  following  table*  gives  the  variation  of  total  mlica  in  several 
I  of  clays,  the  results  being  obtained  from  several  hundred  analyses: 

Amoivt  or  Silica  in  Clats 


Kind  of  cfair> 


Fire-ckys 
olina. . 


Ptor  eabt  oi  toul  tiUm.. 


Mm. 


34.36 
46.06 
34.40 
32.44 


llu. 


90.877 
86.96 
06.70 
81.18 


.\v«r. 

59.27 
45.83 
64.304 
65.44 


The  free  silica  or  quartz  is  one  of  the  commonest  constituents  of  clay, 
ranges  in  size  from  particles  sufficiently  lai^e  to  be  visible  to  the 

(  down  to  the  smallest  grains  of  silt. 

With  the  exception  of  kaolinitc,  all  of  the  sUica-bearing  minerals 
mentioned  alxjve  are  of  rather  sandy  or  sllty  character,  and,  therefore, 
their  effect  un  the  plasticity  and  shrinkage  will  be  similar  to  that  of 
quarts.  In  burning  the  clay,  however,  the  general  tendency  of  all  is  to 
affect  the  shrinkage  and  also  the  fusibility  of  the  clay,  but  their  behavior 
ia  in  the  latter  respect  more  individual. 

'  Mo.  Gool.  Surv.,  Vol.  \I.  p.  54. 

■Ala.  Gcol.  Surv..  BtiU.   6,  1900. 

■N.  C.  Geol.  Surv..  Bull.  13,  p.  24,  1808. 

'Bun.  N'.  Y.  State  Museuni,  No.  35,  p.  525. 
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Sand  (quartz  and  silicates)  is  an  important  antisbrinkage  of^U 
which  greatly  diminislies  the  air-shrinkage,  plasticity,  and  tensile  stn^ngtb 
of  clay,  ita  effect  in  this  respect  increasing  with  the  coarseness  of  the 
material;  clays  containing  a  high  percentage  of  very  finely  divided  sand 
(silt)  may  absorb  considerable  water  in  mixing,  but  show  a  low  air- 
shrinkage.  The  brickuiaker  recognizes  the  value  of  the  effects  meD- 
tioued  above  and  adda  sand  or  loam  to  his  clay,  and  the  potter  brings 
about  similar  results  in  liis  mixture  by  the  use  of  ground-flint. 

It  is  thought  by  some  that  because  of  the  refractoriness  of  quarts  iU 
addition  to  any  clay  wilJ  raise  its  fuf^ionpciint,  but  this  is  true  only 
of  those  clays  containing  a  high  percentage  of  conmion  fluxes  and  silici 
and  which  are  burned  at  low  temj>cru lures.  Its  effect  on  highly  alum- 
inous low-tlux  clays  reduces  their  rofruetoriness. 

In  considering  the  effects  of  sand  in  the  burning  of  claye,  it  must 
be  first  stated  that  tlie  quartz  and  silicates  fuse  at  different  tempera- 
tures. A  very  sandy  clay  will,  tliereforc,  have  a  low  fire-shrinkage  as 
long  as  none  of  the  sand-grains  fuse,  but  when  fusion  begins  a  shrinks^ 
of  the  mass  occurs.  We  should,  therefore,  expect  a  low  firc-fihrinka(!e 
to  ctmtinue  to  a  higher  temperature  in  a  clay  whose  sand-grains  are 
refractory. 

Of  the  different  minerals  to  be  included  under  sand  the  glauronite 
is  the  most  easily  fusible,  foUowed  by  hornblende  ami  garnet,  mica  (if 
very  fine  grained),  feldspar,  and  quartz.  The  glnuconite  would,  theffr 
fore,  otlier  things  being  eciual,  act  as  an  antishrinkage  agent  only  at  low 
temix^ratures.  Variation  in  the  .size  ivf  the  grain  may  affect  these  results, 
but  this  point  is  disousaed  under  Fusibility  (Chapter  111). 

Hydrous  silica.— From  the  observation.^  of  W.  H.  Zimmer*  it  would 
appear  that  some  kaolins  carry  hydrated  silicic  acid.  In  a  kaolin  of  the 
composition : 

Silica  (SiOa) 57.00 

Alumina  (AI2O3) 24.85 

Ferric  oxide  (F'caOs) 25 

Lime  (CaO) 05 

Water  (H^O) 17.81 

he  found  that  the  rational  annlysis  showed  only  0.05  per  cent  not  de- 
composed by  sulphuric  acid,  which  would  lead  one  to  suppose  that  the 
clay  was  a  pwre  kaolin.  The  analysis,  however,  disproved  this,  and  led 
to  the  conclusion  that  there  must  be  free  hydrated  silicic  acid.    His 
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ejq^eriments  with  tliis  clay,  and  with  artificial  mixtures  containing  silicic 
1,  showed  that  the  presence  of  any  important  quantity  of  free  hy- 
ftted  silicic  aciil  in  a  clay  tends: 
1.  To  produce  an  increase  of  translucency  over  that  obtained  where 
the  silica  used  is  all  quartzitic  at  equal  temf)cratures;  2,  to  bring  about 
on  unprovenient  in  color;  3,  to  increase  the  slirinkage  both  in  air  and  io 
fire;  4,  to  produce  a  lowering  of  the  temperature  at  wliich  vitrilicatioQ 
cure;  5,  a  tendency  to  warp  in  dr>ing;  6,  a  tendency  to  form  a  hard 
atiDK  on  the  surface  of  the  clay  or  ware,  due  to  the  deposition  of  H^jSiOs 
uui  wat«r  used  in  making  wares  plastic. 


Iron  Oxide 

Sources  of  iron  oxide  in  clays. — Iron  oxide  is  one  of  the  commonest 
iients  of  clay,  and  a  numlier  of  different  mineriU  species  may  serve 
I  sources  of  it,  the  most  important  of  which  are  grouped  below: 
Hydrous  oxide,   limonitc;    oxides,    hematite,   magnetite;    silicates, 
biolite,   glauconite    (grecnaand),   hornblende,  garnet,   etc.;    sidphides, 
'^p\Tite;  carbonates,  sidcrite. 
I  In  some,  such  as  the  oxides,  the  iron  is  combined  only  with  oxygen» 

H|ftn<l  is  better  prepared  to  enter  into  chemical  combination  with  other 
^■elements  in  the  clay  when  fusion  begins.  In  the  case  of  the  sulphides 
and  carbonates,  on  the  contnin,*,  tlic  vnhitilc  elements,  namely,  ttie  sul- 
phuric-acid gas  of  the  pyrit^^  and  tlio  carbonic-acid  gas  of  the  siderite, 
have  to  be  driven  off  before  the  iron  contained  in  them  is  ready  to  enter 
into  similar  union.  In  the  silicates  tlie  iron  is  chemically  combined  with 
siUc&  and  several  bases,  fonuing  mixtures  of  rather  complex  composition 
and  all  of  them  of  low  fusibility,  particularly  the  gluuconite.  Several 
of  these  silicates  are  easily  decomposed  by  the  action  of  the  weather, 
and  the  iron  oxide  which  they  contain  combines  with  water  to  form 
limonitc.  This  is  usually  in  a  Bnely  divided  condition,  so  that  its  color- 
ing action  is  quite  effective.  . 

The  range  of  ferric  oxide,  as  determined  from  a  number  of  published 
aoalysee,  is  as  follows:  ^ 


I 


■     T! 
Blay  ; 


AuoDNT  or  Ferbic  Oxidr  in  Clats 


Kind  ol  cUy.  Mia. 

Brick-days 0. 126 

ys. 0  01 
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Effects  of  iron  compounds. — Iron  is  the  great  coloring  agent  of  both 
burned  and  imburiicd  cluys.  It  may  also  serve  as  a  flux  and  even  aflect 
the  iibsorimon  and  sluiiikagc  of  tlic  material. 

Coloring  action  of  iron  in  unbumed  clay. — Many  clays  show  a  ydlow 
or  brown  c<iIoration  due  to  the  presence  uf  liinouite,  and  a  red  colonitioD 
due  to  hcmjitite;  magnetite  is  rarely  present  in  siifficieni  quantity  L« 
color  tire  clay;  siderit^  or  pyrite  may  color  it  gray,  and  it  ia  probable 
tliut  the  green  color  of  many  clays  is  caused  by  the  presence  of  £iilicat« 
of  inin,  this  being  specially  true  of  glauconiiic  ones.  The  intensity  of 
color  is  not  always  an  indication  of  the  amount  of  iron  present,  aiiwe 
the  same  quantity  of  iron  nmy,  for  example,  color  a  sandy  clay  more 
intensely  than  a  fine-grained  one,  pro\'idcd  both  are  neariy  free  from 
carbonaceotis  matter;  the  latter,  if  present  in  sufficient  quantity,  may 
even  mask  the  iron  coloration  completely.  The  coloring  action  »-ill, 
moreover,  be  effective  only  when  the  iron  is  evenly  distributed  through 
a  clay  in  an  extremely  fine  form.  It  is  probable  that  the  linionite  color- 
ing clays  is  present  iii  an  aniori>hous  or  non-cr>'stalline  form,  and  foma 
a  coating  on  the  surface  of  the  grains. 

Coloring  action  of  iron  oxide  on  burned  clay. — All  of  the  iron  or«i 
will  in  burning  change  to  the  red  or  ferric  oxide,  provided  a  suflicient 
supply  of  oxygen  is  able  to  enter  the  pores  of  the  clay  before  it  Is  vit- 
rified; if  vitrification  occurs  the  iron  o-vide  enters  into  the  formation  of 
silicates  of  complex  comimsition.  The  color  ami  depth  of  shade  pn> 
duced  by  the  iron  will,  however,  depend  on  first,  the  amount  of  irwi 
in  the  clay;  second,  the  temperature  of  burning;  third,  condition  of  the 
iron  oxide,  and  fourth,  the  condition  of  the  kiln  atmosphere. 

I.  Clay  free  fmni  iron  oxide  burns  white.  If  a  small  quantity,  eay 
1  per  cent,  is  present  a  slightly  yellowish  tinge  may  be  imparted  to  the 
burned  material,  but  an  increase  in  the  iron  contents  to  2  or  3  per  cent 
often  prixlures  a  buff  product,  while  4  or  5  per  cent  of  iron  oxide  in  many 
peases  makes  the  clay  bum  red.  There  seem,  however,  to  be  not  a  few 
exceptions  to  the  above  statements.  Thus  we  find  that  the  white-burning 
claj-s  carr>*  fmm  a  few  hundredths  per  c^t  to  over  I  per  cent  of  inn 
oxide.*  the  more  ferruginous  containing  more  iron  than  the  purer 
^<rf  buft-buming  clays.     Again,  amon^  the  buff-burning  clays  we 

with  an  iron-oxide  content  of  4  or  5  per  cent,  an  amount  e<|ual  to 
that  contained  in  some  red-burning  ones. 

The  facts  would  therefore  seem  to   indicate  that    the  color  of  the 
btunied  clay  is  not  influenced  solely  by  the  quantity  of  iron  present. 

'  Seew's  OoUoctcd  Writinpt,  Traaslalion.  I.  p.  109;  also  Orton.  Trana.  .Kami 
Cknm.  Soe,.  V,  p.  380. 
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Seger  has  divided  the  buff-burning  clays  into  two  groups,  namely, 
1)  tboee  of  such  high  iron  contents  as  to  burn  red  normaUy,  but  which 
ire  sufficiently  calcareous  to  enable  the  lime  to  destroy  the  red  iron  color 
ind  form  a  yellow  comp*>und  of  iron  and  lime,  and  (2)  those  low  in  iron 
ind  high  in  alumina,  which  would  normally  bum  pale  red,  but  develop 
i  yellow  color  due  M  the  formation  of  an  alumina-iron  compound.  He 
ihus  believes  that  the  red  coloration  of  the  iron  is  destroyed  by  similar 
sauses,  but  on  account  of  the  lime  being  a  stronger  or  more  active  base 
;han  the  alumina  it  is  able  to  take  care  of  a  greater  quantity  of  iron, 

Orton '  has  argued  against  the  effect  of  alumina,  claiming  that  if 
;his  were  true  8>*nthetic  mixtures  should  easily  give  the  buff  color  which, 
in  his  experience,  it  is  not  possible  to  prfnluce.  As  he  states,  there  is  a 
great  uniformity  in  the  color  of  buff-burning  cla3'8,  wliile  their  iron- 
odumina  ratios  fluctuate  greatly;  some  fire-clays  containing  40  per  cent 
of  alumina  and  0-5  per  cent  iron,  and  yielding  a  good  buff  product,  while 
others  with  15  to  20  per  cent  aUimina  and  2.5  per  cent  iron  burn  to 
almost  exactly  the  same  tint.  On  the  other  hand,  some  clays  with  about 
the  same  alumina  and  iron  content  burn  red. 

It  would  seem,  therefore,  as  if  the  cause  of  this  buff-burning  quality 
must  be  sought  for  in  some  other  direction. 

The  evenness  of  color  is  apparently  closely  connected  with  the  physi- 
cal condition  of  the  iron  oxide,  that  in  colloidal  form  giving  a  uniformity 
of  shade  not  obtainable  by  the  admixture  of  very  finely  ground  material. 

2.  If  a  clay  is  heated  at  successively  higher  temperatures,  it  is  foimd 
that,  other  things  being  equal,  the  color  usually  deepens  as  the  tempera- 
ture rises.  Thus,  if  a  clay  containing  4  per  cent  of  iron  oxide  is  burned 
at  a  low  tenipeiature  it  will  be  pale  red,  and  harder  firing  will  be  neces- 
sary to  develop  a  (lood  brick  red,  which  will  pass  into  a  deep  red  and 
then  reddish  purple. 

Seger  explained  the  successive  shades  of  red  by  assunung  that  the 
iron  oxide  increased  in  density  with  rising  temperature. 

The  brilliancy  of  the  color  appears  to  be  influenced  by  the  texture, 
S3  the  more  sandy  clays  can  be  heated  tfl  a  higher  temperature,  without 
destruction  of  the  red  color,  than  the  Diore  aluminous  ones.  Alkalies 
also  appear  to  diminish  the  brightness  of  the  iron  coloration.^ 

3.  Among  the  oxides  of  iron  two  kinds  are  recognized,  known  respec- 
tively as  the  ferrous  oxide  (FeO)  and  ferric  oxide  (Fe203).    lu  the  former 

■  Trans.  Ainer.  Cenim.  8oc.,  V,  p.  389,  1903. 

■  Ries,  N.  Y.  Stato  Mu«.,  Bull.  35,  515, 1000;  Orton,  Trans.  Amer.  Cenun.  Soc., 
V.  p.  414,  1903. 
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we  see  one  part  of  iron  united  with  one  of  oxygen,  wliilo  in  the  Inlti 
one  part  of  iron  is  combined  with  one  and  one-half  parts  of  oxjpea. 
The  ferric  oxide,  therefore,  contains  more  oxygen  per  unit  of  iron  tluin 
the  ferrous  salt,  and  represents  a  higher  stage  of  oxidation.  In  (be 
limonitc  and  hematite  the  iron  is  in  the  ferric  form,  representing  a  higher 
stage  of  oxidation.  In  magnetite  both  ferrous  and  ferric  iron  are  present, 
but  in  siderite  the  ferrous  iron  alone  occurs.  In  tlic  ultimate  analysis  tbe 
iron  w  usually  determined  us  ferric  oxide,  no  effort  being  made  to  fiocl 
out  the  quantity  present  in  the  ferrous  form,  although  if  there  is  any 
reason  to  susjwct  that  much  of  the  latter  exists  it  should  be  determined 

Iron  passes  rather  readily  from  the  ferric  to  the  ferrous  form  and 
vice  versa.  Thus,  if  there  is  a  deficit  of  oxygen  in  the  inside  of  the  kiln 
the  iron  does  not  get  enough  oxygen  and  tlic  ferrous  compound  results. 
but  the  latter  changes  rapidly  to  the  ferric  condition  if  sufficient  air 
carrying  oxygen  is  admitted.  The  necessity  for  recognizing  these  two 
forms  of  iron  oxide  is  because  they  affect  the  color  of  the  chiy  diffCTently. 
Ferrous  oxide  alone  is  said  to  produce  a  green  color  when  burned,  while 
ferric  oxide  alone  may  give  purple  or  red,  and  mixtures  of  the  two  pro- 
duce yellow,  cherry  red,  violet,  bJuo,  and  black. ^ 

Seger^  found  that  combinations  of  ferric  oxide  with  silica  produ«d 
a  yellow  or  red  color  in  the  burned  clay.  We  may  thus  get  a  variation 
in  the  color  produced  in  burning  clay,  depending  on  the  character  of 
oxidation  of  the  iron  or  by  mixtures  of  the  two  oxides.' 

Moreover,  in  the  burning  uf  ferruginous  clays  it  is  usually  desirable 
to  get  the  iron  thoroughly  oxjfiizetl  to  prevent  trouble  in  the  later  stages 
of  burning.  To  accomplish  this  the  iron  must  be  freed  of  any  sulphur 
or  carbon  dioxide  which  may  be  combinetl  with  it.  and  other  volatile 
or  combustible  clement^  in  the  clay  must  be  driven  off,  so  as  to  allow 
the  oxidizing  gases  to  enter  the  clay  and  unite  with  any  ferrous  iron 
that  may  be  present. 

Sulphide  of  iron  (pyrite)  loses  half  its  sulphur  at  a  red  heat,  and  the 
balance  will,  under  oxidizing  conditions,  pass  off  probably  by  9(Xf  C, 
while  siderite  or  ferrous  carbonate  loses  its  carbon  dioxide  bet  wren  400^ 
and  500°  C;  magnesium  carbonate  and  calcium  carbonate  lose  their 
CO2  at  about  500^  C.  and  800°  to  900°  C.  respectively.  Carbonaceous 
matter,  if  present,  must  also  be  carefully  burned  off.  If  the  clay  con- 
tains much  volatile  or  combustible  matter  the  burning  must  proceed 


L 


*  Kcramic,  p.  256, 

•Notizhlalt,  p.  16.  1R74. 

'See  "Klaahing  of  Brick,"  under  Burning. 


slowly  below  lOOtl^  C,  in  order  to  remove  it  and  allow  the  iron  to  get 
oxidized  while  the  clay  is  still  porous. 

A-fter  oxidation  the  claj'S  will  show  a  more  brilliant  iron  color  than 
|i|h^y  do  St  the  end  of  the  dehydration  period.  They  are  also  harder 
^Bd  show  a  slight  decrease  in  vnlume. 

If  the  clay  has  been  improperly  oxidized  it  shows  later  when  vitri- 
fication is  reached,  by  the  ferrous  oxide  in  the  center  of  the  brick  forming 
a  fusible  silicate  which  molts  and  evolves  gases  that  swell  up  the  ware. 

In  some  cases  improper  oxidation  is  shown  by  the  presence  of  a  black 
core  in  the  center  of  the  brick. 

Fine-grained  clays  are  more  difficult  to  oxidize  than  coarse-grained 
ones,  because  of  the  small  size  of  their  pores,  and  grog  is,  therefore, 

fded  at  times  to  open  the  grain  of  the  material. 
4.  Since  the  stage  of  oxidation  of  the  iron  is  dependent  on  the  quan- 
y  of  air  it  receives  during  burning,  the  condition  of  the  kiln  atmoe- 
ere  is  of  gre^t  imp^mance.  If  there  is  a  deficiency  of  nxj'gen  in  the 
kiln,  so  that  the  iron  oxide,  if  present,  is  reduced  to  the  ferrous  condition, 
the  fire  is  said  to  be  reducing.  If,  on  the  contrarj'.  there  Is  an  excess  of 
oxygen,  so  that  ferric  oxides  are  formed,  the  fire  is  said  to  be  oxidizing. 
Tbeee  various  conditions  are  often  used  by  the  manufacturer  to  produce 
in  sliades  or  c(»Ior-effectvS  in  his  ware.  Tlius.  for  example,  the  manu- 
iirer  of  flashed  brick  produces  the  beautiful  sliading  on  the  surface 
his  product  by  having  a  reducing  atmosphere  in  his  kiln  followed  by 
oxidizing  one.  The  potter  aims  to  reduce  tlie  yellow  tint  in  his  white 
.re  by  cooling  the  kiln  as  quickly  bb  possible  to  prevent  the  iron  from 
oxidizing. 

Fluxing  action  of  iron  oxide. — Iron  oxide  is  a  fluxing  impurity,  lowep- 
tOg  the  fiising-point  of  a  ciny,  and  this  effect  will  bo  more  pronounced  if 
the  iron  is  in  a  ferrous  condition  or  if  silica  is  present.  In  burning  a  clay 
at  low  tempemtures  the  hydrous  ferric  oxide  (limonite)  loses  its  water 
of  hydration.  Heating  the  clay  to  viirification  in  a  reducing  atmosphere 
is  believed  to  produce  a  ferrous  silicate,  which  is  seen  on  the  brown, 
black,  or  greenish  glassy  portion  of  the  surface  of  paving  brick  and 
unglazed  sewcr-pipe.'  When  well-vitrilicd  bricks  sliow  a  red  color  it  is 
thought  by  some  that  the  iron  oxkle  is  merely  dissolved  in  the  vitri- 
fied mass  and  has  not  entered  into  combination.! 

A  low  iron  content  is,  therefore,  desirable  in  refractory  clays,  and 
the  average  of  a  number  of  anal>*ses  of  these  shows  it  to  be  1.3  per  cent. 
Brick-clays,  which  are  usually  easily  fusible,  contain  from  3  to  7  per  cent 
of  iron  oxide. 


*  la.  Oeol.  Surv.,  XIV,  59,  1904. 
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Effect  of  iron  oxide  on  absorptive  power  and  shrinkage  of  cUy.- 
So  far  as  the  wTiter  is  aware  no  experiments  have  been  made  to  discover 
the  increased  absorptive  power  of  n  i']ay  contJiining  Hmonite,  although  the 
elay  soils  show  that  tliecjuantity  of  water  nbsorbed  is  greater  with  timonite 
present.  This  greater  absorptive  power  may  be  accompanied  by  u 
increased  shrinka^n.  The  Hro-RhrinkajEie  might  also  Ix^  great,  because 
of  the  increased  lose  of  combined  water  due  to  the  presence  of  UuLunite.' 


Lime 

Lime  is  found  in  many  clays,  and  in  the  low-grade  ones  may  be  preaent 
in  large  quantities.  Quite  a  large  number  of  minerals  may  serve  as 
sources  of  lime  in  clays,  but  all  fall  into  one  of  the  three  following  groupei 

1.  Carbonates.     Calcite,  dolomite. 

2.  Silicates  containing  lime,  such  as  feldspar  and  garnet. 

3.  Sulphates.     Gypsum. 
Whenever  the  ultimate  analysis  of  claj'  shows  several  per  cent  «f 

lime  (CaO)  it  is  usually  there  as  an  ingredient  of  lime  carbonate  (CaCOj), 
and  in  such  cases  its  presence  can  be  easily  detected  by  putting  a  drq) 
of  mimatic  acid  or  vinegar  on  the  clay.^  When  present  in  this  form  it  a 
apt  to  be  finely  divided,  although  It  may  occur  as  concretions  or  lime- 
stone pebbles,  or  as  cylindrical  Ixidies  along  rootlets. 

The  feldspars  are  the  commonest  source  of  lime  among  the  silicatee, 
oligoclase  and  anorthlte  being  the  usual  lime-bearing  varieties,  but  the 
amount  of  lime  present  in  silicates  is  usually  verj'  low. 

When  lime  is  present  as  an  ingredient  of  silicate  minerals,  such  as 
those  mentioned  above,  its  presence  cannot  be  deteeteil  with  murialic 
acid.  Gypsum,  which  is  found  in  a  few  clays,  is  often  of  secondarj*  clmr- 
acter,  having  been  formed  by  the  action  of  sulphuric  acid  on  lime-bearing 
minerals  in  the  clay.  Since  these  three  groups  of  minerals  behave  some- 
what differently  their  effects  will  be  discussed  separately. 

Effect  of  lime  carbonate  on  clay.— Lime  is  probably  most  effective 
in  the  form  of  the  carbonate,  and  if  finely  divided  is  an  active  flux.  When 
clays  containing  it  arc  burned,  they  not  oidy  lose  their  chemically  com- 
bined water  but  also  their  carbon  dioxide:  but  while  the  water  of  hydra- 
tion pjissea  off  between  4bCf  C.  (S42°  F.)  and  60(f  C.  (11 12*  F.)  the  car- 
bon dioxide  (COo)  does  not  seem  to  go  off  until  between  600°  C.  (Ilia**  F.) 
and  725*  C.  (1502**  F.).    In  fact,  it  more  probably  passes  off  betwi 


'  Seo  tests  ([iider  Firc^hrinkage,  Chap.  III. 
'  Sec  Minerals  in  Clay,  Cahnte, 
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850*  C.  (1562*  R) '  and  QiKf  C.  {1652°  F.).  The  result  of  driving  ofiF 
this  gas.  in  addition  to  the  chemically  combined  water,  la  to  leave  cal- 
careouii  clays  more  porous  than  other  clays  up  to  the  beginning  of  fusion.^ 

If  the  burning  is  carried  only  far  enough  to  drive  off  the  carbonic- 
a^id  gas,  the  result  will  be  that  the  quicklime  thus  formed  will  absorb 
moisture  from  the  air  and  sliike.  No  injury  may  result  from  this  if  the 
lime  is  in  a  fiitely  divided  condition  and  unifonnly  distributed  ihrough 
the  brick,  but  if,  on  the  contrary,  it  is  present  in  the  form  of  lumps,  the 
slaking  and  accompanying  swelling  of  these  may  split  tlu;  brick. 

If,  however,  the  temperature  is  raised  higher  than  is  required  simply 
to  drive  off  the  carbon  dioxide,  and  if  some  of  tl^e  mineral  particles  soften, 
a  chemical  reaction  begins  between  the  lime,  iron,  and  some  of  the  silica 
and  aluminii  of  the  clay,  the  result  being  the  formation  within  the  clay 
of  a  new  silicate  of  very  complex  composition.  The  effects  of  this  com- 
bination are  several:  In  the  first  place,  the  lime  tends  to  destroy  the 
red  coloring  of  the  iron  and  imparts  instead  a  buff  color  to  the  burned 
clay.  8<^cr  found  that  tliis  bleaching  action,  if  we  may  call  it  such,  is 
most  marked  when  the  percentage  of  lime  is  three  times  that  of  the  iron. 
It  should  be  remembered,  however,  tliat  all  buff-burning  clays  are  not 
calcareous,  and  tliat  a  clay  containing  a  low  percentage  of  iron  oxide 
may  also  give  a  buff  body.  Another  effect  of  lime,  if  present  in  sufficient 
quantity,  is  to  cause  the  clay  to  soften  rapidly,  thereby  sometimes  draw- 
ing the  points  of  incipient  fusion  and  viscosity  within  41.6*^  C.  (75*  F.)  of 
each  other.  Thi.s  rajiid  softening  of  calcaretjuB  clays  is  one  of  the  main 
objections  to  their  use,  and  <)n  this  account  also  it  is  not  usually  safe 
to  attempt  the  inauufacture  of  vitrified  prwiucts  fnnn  them,  but,  as 
mentioned  under  Magnesia,  the  jiresent-e  itf  severa!  per  c-ent  of  the  latter 
substance  will  counteract  this.  It  has  alstj  l?een  found  possible  to  increase 
the  interval  between  the  points  of  uicipieut  fusion  and  ™c;08ity  by  the 
addition  of  quartz  and  feldspar.' 

Many  erroneous  statements  are  found  in  books  regarding  the  allow- 
able limit  of  lime  in  clays,  some  wxitcrs  putting  it  as  low  as  3  per  cent; 
BtiU  a  good  buildijig  brick  can  l>e  made  from  a  clay  containing  as 
much  as  20  or  25  per  cent  of  lime  carbonate,  provided  it  is  in  a  finely 
divided  condition,*  and  a  \'itrified  ware  is  not  attempted.    If,  however, 


'  Bourrj',  Treatise  on  Ceramic  Industries,  p.  lO:^;  also  Konncdy,  Trana.  Amer. 
Oar.  Soc.,  IV,  p.  H6. 

'  8onio  hrickM  mafle  from  calcareous  clayH  and  hnmfKl  at  oonoH  ]  to  3  show 
over  30  per  cent  absorption. 

»  The  C-oUertcd  Writings  of  H.  Seger,  Vol.  I .  p.  336. 

*  For  analyses  and  uses  of  calcareous  clays  soo  H.  Riea,  Clayii  and  Shalea  of 
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that  quantity  of  lime  is  contained  in  the  clay  in  the  form  of  pebbles,  theij 
much  dankuge  may  result  from  bursting  of  the  bricks,  when  the  lu 
of  burned  lime  slake  by  absorbing  moisture  from  the  air. 

Clays  uontaioiog  a  high  percentage  of  iinie  carbonate  are  uaed 
the  United  States,  especially  in  Michigan,  Wisconsin,  and  Illinois,  f«t 
making  common  bricks,  common  earthenware,  roofing-tile,  and  sotne 
torra-cotta,  and  the  highly  calcareous  character  of  s<ime  brick-clays  j^ 
shown  by  the  following  analyses.  Of  these  No.  II  is  the  meet  calc 
that  the  writer  has  ever  examined. 


ANALTSBS   or  CALCABBOtrS   ClATB 


Silica  (SiO,) 

Alumina  (AI,Oj). . . . 
Ferric  oxide  (Fe,Oi). 

Lime  (CaO) 

Magneflia  (MgO).  . . . 

Potash  (K5O) 


Soda  (Na,0) By  diff . 

Water  (HP) 

Oarbon  dioxide  (00^ 

Organic  matter 


Total 

Total  fluxes. 


I. 

U. 

44.15 

18.02 

10.00 

3.23 

4.08 

I  26 

13.30 

41  30 

1.60 

42 

1.65 

/Noofl 
iNoDe 

By  diff. 

2.42 

12.13 

11.34 

32.50 

1.95 

100.00 

99.75 

20.43 

42.06 

I.  loma,  Mich.    A.  N.  Clark,  Anal.  Mich.  GeoL  Surv.,  VIII,  Pt.  1,  p.  63. 

II.  Seguin,  Tex.    O.  H.  Palm,  Analyst. 

Effect  of  lime-bearing  silicates.— The  effect  of  these  is  much  Imb 
pronounced  than  tliat  of  lime  carbonate.  They  contain  no  volatile  ele- 
ments, and  hence  do  not  affect  the  shrinkage  to  the  extent  that  lime 
carbonate  does.  They  serve  as  fluxes,^  but  do  not  cause  a  rapid  soften- 
ing of  the  clay. 

Effect  of  gypsum. — Gypsum  in  clay  lias  probably  often  been  formed 
by  sulphuric  acid,  liberate<I  by  the  decomposition  of  iron  pjTite,  acting 
on  lime  carbonate.  Lime,  if  present  in  the  form  of  gypsum,  seems  to 
behave  differently  from  lime  in  the  form  of  carbonate,  although  few 
clays  contain  large  percentages  of  it. 

Gypsum,  as  already  shown  *  is  a  hydrous  sulphate  of  Hme.    In  caJ- 


Bdichigan,  Mich.  Oeol.  Surv.,  Vlll.Pt.  I;  and  E.  R.  Buckley,  Clays  and  Clay  Indufr 
trie*  of  Wia.,  WtH.  Oeol.  Sun*.,  Bull.  2,  Economic  Scrioa, 

*  See  also  under  .alkalies. 

'  Chapter  III,  Minerals  in  Clay. 
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Ding  gypsum  for  making  plaster  of  Paris,  the  chemically  combined 
Btcr  ia  driven  off  at  250°  C,  but  only  a  ptirtion  of  the  sulphuric  acid 
driven  off  at  a  low  red  heat,  the  balance  passing  off  at  a  much  higher 
tznperature.  To  illustrate  this  a  mixture  '  consisting  of  75  per  cent  of  a 
hite-buming  clay  and  25  per  cent  of  nearly  pure  white  gypsum  was 
lade  up.  This  mixture  contained  15.11  per  cent  of  combined  water 
nd   11.65  per  cent  of   sulphur   trioxide  (SO3),  nnd  was  burned  at  a 

Uixiber  of  different  temperatures  with  the  following  resulta: 

I' 

i  Tabu  showing  Lews  m  Weioht  by  Borniso 


Tcnpornture, 


860*>C.  (15S0«P.), 
OOO^'C.  (1832*  F.), 
1100"  C.  (2012<*F.) 
1200"  C.  (2192°  F.J, 
1300"  C.  C2372'»F.) 


hoet  ia  wmght,  per  oent. 


Sample  Nr>.  1.     gunfle  No.  3, 


ll.fiO% 
13 ,  18% 
19.93% 

23.15% 
23.21% 


12.69% 
19.68% 
23.06% 

23.11% 


These  figures  show  that  at  860^  C.  the  loss  had  not  exceeded  the  amount 
rf  combined  water  contained  in  the  mass;  at  1000°  C.  the  loss  was  not 
x)ual  to  the  sum  of  the  water  contained  in  the  clay  and  gypsum;  a  large 
068  occurred  between  1100^  and  1200°  C,  while  between  the  latter 
»mperature  and  13(M1°  C.  the  loss  was  exceedingly  small.  Therefore, 
rren  at  1300°  C,  or  slightly  above  the  theoretic  melting-point  of  cone  8, 
ptte  was  still  over  3  per  cent  of  what  would  be  considered  volatile  ma- 
«rial  remaining  in  the  mixture.  It  is  presumed  that  this  represents 
(ulpbur  trioxide  which  has  not  been  driven  off. 

The  presence  of  silica  Is  said  to  facilitate  the  decomposition  of  the 
Milcium  sulphate,  and  the  evolution  of  the  SO3  is  thought  to  cause  some 
rf  the  8\velliDg  or  blistering  seen  in  some  wares  after  burning. 

The  range  of  lime,  as  determined  from  a  series  of  clay  analyses,  is  aa 
:oUow8:2 

Amount  oy  Lime  m  Ciats 


Kind  of  fliMy. 

MIn. 

Max. 

AVBT. 

0.024 
O-Oll 
0.03 

tr. 

15.38 
9.90 

15.27 
2..'>8 

1 .  513 

1  DflS 

0  655 

O.'l? 

»  N.  J.  Geo!.  Surv.,  VI,  p.  63,  1904. 

'  BuD.  N.  Y.  State  Museum,  No.  35,  p.  523.     Owing  to  an  error  in  the  analyaia 
of  one  of  the  brick-clays,  the  averages  in  thia  tabic  imvc  boca  rocolculat^d. 
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Magnesia 

aesia  (MgO)  rarely  occurs  in  clay  in  larger  quantities  than  1  ptt 
cent.  When  present,  its  source  may  be  any  one  of  several  clasaea  d 
compounds,  tliat  is,  silicates,  carbonates,  and  sulphates. 

In  the  majority  of  chLys  the  silicateSf  uo  doubt,  form  the  most  im- 
portant source,  and  minerals  of  this  type  carrying  magnesia  are  ihtj 
black  mica  or  biotite.  hornblende,  chlorite,  and  pyroxene.     These  are 
scaly  or  bladed  minerals,  of  more  or  less  complex  composition,  and  con- 1 
taining  from  If)  [)er  cent  to  25  per  cent  of  magnesia.    The  biotite  niic»' 
decomposes  readily, and,  its  chemical  combination  being  thus  destroyed,! 
the  magnesia  is  set  free,  probably  in  the  form  of  a  soluble  compound,! 
which  may  be  retainw!  \n  the  pore,s  of  the  clay.    Hornblende  is  probably! 
not  an  uncommon  constituent  of  some  clays,  especially  in  those  whichl 
are  highly  stained  by  iron,  and  have  been  derived  from  dark-colorrfJ 
igneous  rocks.     Like  biotite,  it  alters  rather  rapidly  on  exposure  to  the] 
weather.      Dolomite,  the  double  carbonate  of  lime  and  magnesia,  is  do 
doubt  present  in  some  clays,  and  would  then  ser%'e  as  a  source  of 
nesiii.    Magnesium  sulphate,  or  Epsom  salts,  probably  occurs  sparing!] 
in  clays,  and  might  form  a  white  coating  either  on  the  surface  of  claj 
spread  out  to  weather,  or  else  on  the  ware  in  drying.    It  is  most  lik 
to  occur  in   those   clays  which  contain   pyrite,  the   sulphide  of 
(FeSa),  for  the  decomposition  of  the  latter  would  yield  sulphuric 
which,  by  attacking  any  ma^esium  carbonate  in  the  clay,  might  for 
magnesium  sulphate.     This  substance  has  a  characteristic  bitter 
On  heatine,  both  maguesium  carbonate  and  dolomite  lose  their  COj  1 
tween  400^  C.  and  600^  C. 

Magnesia  was  for  many  years  regarded  as  similar  to  lime  in  its  fluxin 
action.     The  experiments  of  Mackler  ^  have  indicated,   however, 
its  effect  was  quite  different. 

In  order  to  prove  this  point  he  selected  a  clay  which  was  fr 
lime  or  magnesia,  and  in  it-s  raw  and  burned  condition  had  the 
tiou  shown  at  top  of  page  81. 

To  one  hundred  parts  l)y  weight  of  this  clay,  either  lime  or  magnSIu 
carbonate  was  added  in  the  proportions  given  in   the  second  table 
page  SI,  the  percentages  given  in  parenthesis  representing  the  quant 
of  lime  or  magnesia  contained  in  the  amount  of  carbonate  added. 
physical  tests  of  these  mixtures  are  also  given. 

It  will  be  seen  here  that  the  effect  of  magnesia  was  quite  diffe 
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Analysis  of  Ciwit  used  dt  jMackler 


t  on  tgoitlon 

a  (SiO.) 

Jumina  (Al,0,) 

I  oxide  (Fe,0,). . . 

(CbO) 

(MgO) 

Uoe  (Na,0.  K^). 


Rnw. 

7.07 
63.25 
22.97 

4.98 


2.07 


Burned. 

68.00 

24.72 

5.30 


2.22 


100.34 


100.36 


am  that  exert«d  by  the  lime.    The  mixtures  contain'mg  magnesia  did 
9t  vitrify  suddenly,  as  did  the  limy  clays;  nor  did  the  magnesia  exert 
strong  a  bleaching  actiun  on  the  iron,  and  the  points  of  incipient 
sioa  and  viscosity  were  also  separated. 


P 


PHTstCAL  Tests  on  Mackler's 

MtxrriiES 

L 

i 

i 

■a 

•si 

1  — 

Fine-fihrinkaKC  cfine  numben. 

m 

010 

Ofl 

1 

3      1      » 

I>    Oay  +  2l  MitCjliOMet)) 

E.    Ciay  +  10^  ilgCOj  (5M(eO> 

2S  H 
31.1 

34  0 
S3  4 

€.4 

S.4 
B.3 

6  2 

7  5 

9  8 

14.3 
10,4 

las 
11. 1 

0  \% 

1  4 
1.0 
0  0 
17 

3.6 
1.8 

l.T 
3.0 

3.7 

7.2  j      7.fi  ■     fl.7 

•                     1 

11. r    11. «      • 
11.1     11. a      t 

•  M«Ltfl<l. 


t  W»rped. 


With  a  mixture  of  kaolin  and  magnesia  similar  results  were  obtained. 
The  mixture  of  kaolin  and  magnesia  showed  a  higher  shrinkage  at  the 
beginning  of  the  burning  than  the  kaolin  alone,  and  then  increased  but 
little  until  a  high  tenifwrature  was  reached,  when  the  shrinkage  sud- 
denly Iwgan  again.  A  hard  body  was  (Attained  at  cone  1  with  the  kaolin- 
niagnesia  mixture. 

The  effect  of  magnesia  therefore,  if  present  in  sufficient  quantity^  is 
to  act  as  a  flux  and  make  the  clay  soften  slowly,  instead  of  suddenly  aa 
in  the  case  of  calcareous  clays.  The  results  mentioned  above  have  been 
corroborated  in  this  country  by  Hottinger.  An  import.ant  characleristic 
of  magnesian  clays  is,  that  they  can  be  made  into  wares  of  extreme  length 
■  and  ver>'  thin  walls,  which  may  be  nearly  vitrified  without  w^arping." 

Barringer^  has  pointed  out  that  the  action  of  magnesia  depends 


'  Hottinger,  Trans.  Anier.  Ccr.  Soc,  V,  p.  130.  1903. 
'  Trans.  Amer.  Cer.  Soc,  VI,  p.  80.  1904. 
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largely  on  the  composition  of  the  clay;  in  bodies  containing  a  number 
of  active  fluxes,  and  which  vitrify  at  a  low  temperature,  it  has  a  marked 
influence  on  the  fusing  point  and  temperature  of  the  vitrifying  stage, 
but,  "as  the  number  and  character  of  the  bases  change  in  going  towards 
high  fire-products,  the  influence  of  magnesia  lessens  considerably." 

The  range  of  magnesia  in  several  classes  of  clays,  as  figured  from  & 
number  of  analyses,  is  as  follows :  ^ 

Amount  op  Magnesia  in  Clats 


Quality. 

Min. 

Max. 

Aver, 

0.02 

0.05 

0.02 

tr. 

7.29 
4.80 
6.25 
2.42 

1.052 

0.S5 

0.513 

0.223 

Alkalies 

The  alkalies  commonly  present  in  clays  include  potash  (K2O),  soda 
(Na20),  and  ammonia  (NH3).  There  are  other  alkalies,  but  they  are 
probably  of  rare  occurrence. 

Ammonia  is  no  doubt  present  in  some  raw  clays,  judging  from  their 
odor,  and  it  may  possibly  exert  some  effect  on  the  physical  structure 
of  the  clay,  it  being  found  that  the  bunches  of  grains  in  a  clay  tend  to 
separate  more  easily,  when  the  clay  is  agitated  with  water,  if  a  few  drops 
of  ammonia  are  added.  As  ammonia  is  easily  volatile,  it  leaves  the  clay 
as  soon  as  the  latter  is  warmed,  and  therefore  plays  no  part  in  the  burn- 
ing of  the  clay.  The  two  other  common  alkaline  substances,  potash  and 
soda,  are  more  stable  in  theu:  character,  and  are  therefore  sometimes 
termed  fi^ced  alkalies.  These  have  to  be  reckoned  with  in  burning,  for 
they  are  present  in  nearly  every  clay. 

The  amount  of  total  fixed  alkalies  contained  in  a  clay  varies  from  a 
mere  trace  in  some  to  9  per  cent  in  others.  The  range  of  alkalies  in  sev- 
eral classes  of  clays  was  determined  to  be  as  follow's :  ^ 

Amount  of  Total  Aleaues  in  Clays 

Min.  Max.  At«t. 

Kaolins 0.1  6.21  1.01 

Fire-clay 0.048  5.27  146 

Pottery-clays 0.52  7.11  2.06 

Brick-clays 0.17  15.32  2.768 

*  Bull.  N.  Y.  State  Museum,  No.  35,  p.  524.     Owing  to  an  error  in  on  analyas 
of  a  brick-clay,  the  figures  in  this  table  have  been  recalculated. 
'  BuU.  35,  N.  Y.  State  Museum,  p.  515. 
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Several  common  minerals  may  serve  as  sources  of  the  alkalies.  Feld- 
may  supply  either  potash  or  soda.  Muscovite,  the  white  mica, 
ntuias  p<iia«h.  On'^'risfitifl.  or  glaueonite,  contains  |K>tash.  Other 
iiieruls,  sufh  as  Iiornblcnde  or  game!,  might  serve  as  sourres  of  the 
alkalies,  but  are  unimportant,  as  they  are  rarely  present  in  clays  in 
large  quant  Kies. 

Orthorlase,  the  potash  feUlspar,  contains  17  per  cent  of  potash  (K2O); 
while  the  lime-soda  feldspars  contain  from  4  to  12  per  cent  of  soda  (Na20), 

tordin*;  to  the  siK-vit^s.  The  lime-soda  feldspars  fiise  at  a  lower  tem- 
«ture  than  the  potash  ones,  but  are  also  less  common.^ 
Muscovite  mica  conta'uis  nearly  12  per  cent  of  potash,  and  may 
itain  a  little  soda.  Muscovite  flakes,  if  heated  alone,  seem  to  fuse 
cone  12,  but,  when  mixed  in  a  clay,  they  appear  to  act  as  a  ilux  at 
different  temperatures,  according  to  the  size  of  the  grains.  If  very 
finely  pviimd.  tlie  mica  appejirs  to  vitrify  tile  body  at  as  low  a  tem- 
perature as  cone  4,-  but  if  the  scales  are  larger  they  will  retain  their 
individuality  up  to  cone  8,  or  even  10.  The  latter  is  true,  for  example,  of 
micflceons  talo-hke  clays  found  in  the  Miocene  formation  around  Wocxls- 
pwn,  N.  .1.,  a  large  amount  of  which  are  composcf]  of  white  mica.^ 

We  therefore  sec  that  the  minerals  supplying  alkalies  are  all  silicates 

[complex  composition.    Each  has  its  fixed  nieltins-point.  and  the  tcm- 

iture  at  which  the  alkalies  flxtx  with  the  clay  will  depend  on  the 

titaining  mineral,  and  also  on  the  size  of  the  grains.    If  the  alkali- 

ing  mineral  jinun.*!  decompose,  the  potash  or  soda  are  set  free  and 

form  soluble  compounds.* 

Alkalies  are  considered  t«  be  the  most  powerful  fluxing  materila 
■hat  the  clay  contains,  and.  if  pre.scnt  in  the  form  <if  silicates,  arc  a  de- 
Hffable  constituent ,  except  in  clays  of  n  refractory  character.  On  account 
<rf  their  fluxing  properties  they  serve,  in  burning,  to  bind  the  imrticles 
together  in  a  dense,  hard  body,  and  i>ermit  a  white  ware,  ttiade  of  jxirous- 
buming  clays,  to  Imj  burned  at  a  lower  tcmpcndiu-e.  In  the  manufacture 
of  porcelain,  white  earthenware,  encaustic  tiles,  and  other  wares  made 
from  white-buminfi  clays  and  passe&^ing  an  unpervious  or  nearly  im- 
pious Ixxly,  feldspar  is  an  important  flux. 

According  to  the  experiments  of  Berdel  *  on  kaolin,  quartz,  feldspar 
8,  the  action  of  feldspar  on  the  vitrification  of  bodies  is  noticeable 

>  Seger,  Gw.  Schrift.  p.  -1 13. 

*  Tnuts.  American  Ceruniic  Society,  IV,  p.  256. 

*  Ries.  N.  J.  Oeol.  Siirv.,  Fin.  Kept.,  VI,  p.  68.  1904. 

>  See  Origin  of  Clay.  Chapter  I. 

*  Sprerhnaal,  Nos.  2-11,  1004. 
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at  ponc  1 .  but  it«  effect  on  high-heat  bodies  starts  with  the  melting-point 
of  feliiHpiiT  at  cone  9.  The  vitrifying  action  of  feldspar  beeumes  greater 
the  finer  the  grain  is,  and  to  such  an  extent  that  very  fine  feldspar  may 
vitrify  Zettiitz  kaolin  at  cone  2. 

Alkalies  alone  seem  to  exert  little  or  no  coloring  inSuence  on  tbft 
|>imied  clay,  although  in  some  instances  potash  appears  to  deepen  the 
color  of  a  ferruginous  clay  in  burning. 

Titanium 

Titanum  is  an  clement  which  is  found  in  several  minerals,  some  o 
wlucb  are  more  common  in  clays  than  is  usually  imagined,  although 
they  appear  rare  because  they  are  seldom  found  in  large  quantities. 
The  two  commonest  of  these,  nUile  and  Umenite,  have  already  been  re* 
ferred  to.  So  far  as  known,  neither  of  tliesc  is  ever  found  in  clays  ia 
sufficiently  large  grains  to  be  visible  to  the  naked  eye,  so  that  a  uucro 
ecopic  examination  would  be  necessary  to  identify  them.  Although: 
titanium  is  such  a  common  constituent  of  clay,  it  is  rarely  shown  la 
an  analysis,  because  its  determination  by  chemical  niethods  Ls  attended 
with  more  or  less  difficulty  and  is  rarely  carried  out.  In  the  ordinaiy 
process  of  chemical  analysis  it  is  usually  included  \yilh  tlie  alxmiina. 

As  early  as  1862  Uiley  '  referre<l  to  the  universal  (wcurrence  of  titanic 
oxide  in  clay,  and,  in  a  series  of  English  ones,  found  from  .42  to  1.05  pw 
cent.  Since  tliat  time  a  number  of  additional  occurrences  have  beea 
noted,  as  follows: 

Twenty-one  New  Jersey  clays,  1.06  to  1.93  per  cent.* 

A  series  of  Pennsylvania  clays,  .85  to  4.30  per  cent.* 

Eleven  Ohio  coal-measure  clays,  0.16  to  1.68  per  cent.* 

Fire-clays  from  St.  Louis,  1  to  1.9!  per  cent.* 

Thirty-five  clays  and  sands  from  Virginia  Coastal  Plain,  .0  to  1^ 
per  cent.** 

One  hundred  Texas  clays,  .0  to  2.12  per  cent.' 

Among  the  foreign  observers,  Vogt  *  has  noted  percentages  as  hlgjb 


'  Quart.  Jour.  Chem.  Soc,  XV.  311. 1862. 

'  Cook  and  Smock,  Report  on  the  Clays  of  New  Jersey,  1878,  p.  276. 

■■  Second  Pa.  Geot.  Surv.,  MM,  p.  261  ct  soq. 

•  Orion.  Ohio  Geol.  Siirr.,  VII,  Pt.  1. 

•  WhMler.  Mo.  Geol.  Sun-..  XI.  p.  56. 

•  Riea.  Va.  Geol.  Surv..  Bull.  11. 
'  I'npubliahod  maniigcript. 

>  Toninduatric-Zoituiig.  XXVU.  1247, 1903. 
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2.08,  and  Kovar  *  the  unusually  high  percentage  of  10.(t6,  while  Oiiern- 
heimer  found  up  to  4.6  per  cent  in  certain  Basaltic  residual  clays  from 
the  Duchy  of  Nassau.  The  fact  that  most  of  it  was  soluble  in  a  '2{)  per 
cent  hydrochloric-acid  solution  would  suggest  it*  being  ilmenite. 

Effect  of  titanium,— Messrs.  Seger  and  Cramer,  of  Berlin .2  endeavored 

determine  the  effect  of  titanium  on  clay  by  burning  artificial  mixtures 
of  this  materia!  and  kaolin.  Two  samples  of  Zettlitz  kaolin  (containing 
98.5  per  cent  clay  substance)  were  mixed  with  G.5  per  cent  and  13.3  per 
cent  titanium  oxide  respectively;  both  were  then  heated  to  a  tempera- 
ture above  the  fuaing-point  of  iron,  with  the  result  that,  while  the  first 


0:5 


Ki^flfn  and  Tltanlun'i  Oxld« 


H  Tltanlam  Osidu 


Fro.  18.— ^rv'e  showing  offect  of  titanium  oxide  an  fiisihility  of  clay. 
(After  Rics,  N.  J.  Gool.  Surv.,  VI,  p.  71,  1004.) 


softened  considemMy  on  heating  and  showed  a  blue  fracture,  the  second 
fused  to  a  deeivbhie  enamel. 

A  second  series  of  mixturej?,  consisting  each  of  one  hundred  parts  of 
kaolin,  with  5  per  cent,  and  10  per  cent  of  silica  respectively,  showed  no 
,  signs  of  fasion,  and  burned  simply  to  a  hard  white  b<Hiy.  thus  indicating^ 
that  the  titanium  acts  as  a  flux  at  a  lower  temperature  than  quartz. 

More  recently  the  author^  ban  shown  Ihat  eveJi  small  amounts  of 
titanium  lower  the  refractoriness  of  a  clay.    In  these  experiments  a  wliite- 


'  Sprochsaal.  1891,  p.  IO*S. 

'  Seger's  Collected  Wrilinga.  I,  p.  519. 

»  N.  J.  Geol.  Surv.,  Fin.  Ropt.,  VI»  p.  71 ,  1904. 
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burning  Bcdinicntar>'  cluy  fusing  at  cone  34  wus  mixed  with  umounU  of 
i,  1,  2,  3,  4,  jmd  5  ptT  cents  of  very  finely  ground  rutile. 

These  mixtures  were  then  fDrnitxl  into  small  cones  and  tested  la 
the  Dcville  furnace,  the  results  of  those  tests  being  shown  graphically 
by  the  curve  in  Fig.  IS.  In  this  figure  the  vertical  line  ut  the  left  rep- 
Teeents  the  cone  number  of  the  Scgcr  scries,'  and  the  horizontal  line  at 
the  bottom  the  per  cent  of  titanium  oxide.  No.  VII,  at  the  extremo 
left,  represents  tlie  fusion-point  of  the  clay  alone,  while  1,  11,  etc.,  indi- 
cate respoclively  tlic  fu.sion-jM>iuts  of  the  clay  and  titanium  mixtures. 
P'rom  this  it  will  be  seen  that  even  one-half  |x;r  cent  of  titanium  oxide 
]owere<i  the  fusing-point  of  the  clay  half  a  cone,  wliile  5  per  cent  lowered 
it  two  cones.  All  the  mixtures,  when  heated  to  cone  27,  were  appar- 
ently vitrified,  ami  .showed  a  dce[>-blue  fracture.  This  coloration  was, 
however,  destroyed  by  the  presence  of  a  few  pcir  cent  of  silica.  At 
lower  temperatures  (cone  8)  a  ouxture  containing  5  per  cent  of  titanium 
oxide  burned  yellow. 


Water  in  Clay 


3 


Under  this  head  arc  included  two  kinds  of  water:  1.  Mcchanicall: 
combined  water  or  moisture.    2.  Chemically  combined  whaler. 

Mechanically  combined  water. — The  mechanically  combined  watar 
is  llint  \s  luch  is  held  in  the  pores  of  the  clay  by  capiliary  action,  and  fills 
all  the  spaces  between  the  clay-grains.     When  these  are  all  small,  the 
clay  may  absorb  and  retain  a  large  quantity,  because  each  Interspace 
ads  like  a  capillary  tube.    If  the  spaces  exceed  a  certain  size,  tliey  will 
no  longer  hold  tlie  moisture  by  capillary  action,  and  the  water,  if  poured 
on  the  clay,  woiild  fast  drain  away.    The  fmc-grained   clays,  for  tUeti 
reasons,  show  high  powers  of  absorption  and  retention,  while  coarse? 
sandy  clays  or  sands   represent  a  condition  of  rwininmm  absorption. 
This  same  phenomenon  shows  itself  in  the  amount  of  water  required  (ti 
tempering  a  clay.     Thus,  a  very  coarse  sandy  chiy  mixture  from  onl 
deposit  required  only  15.9  per  cent  of  water,  while  a  very  fat  one  from 
another  deposit  took  45  per  cent  of  water.    It  is  not  the  highly  aluminous 
ones,  however,  that  always  absorb  the  most  water.    The  tot^l  quantitj 
found  in  different  clays  varies  exceeriingly.     In  some  air-<^lriod  clavs 
may  be  as  low  as  0.5  per  cent,  while  in  those  freshly  taken  from  til 
bank    it  may  reach  30  to  40  per  cent  without  the  clay  being  v( 
soft. 

Clay  is  very  hygroscopic,  and  when  thon)uphly  dry  greedily  absor 


'  See  Fusibility,  diopter  III. 
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oisiuro  from  the  atmosphere,  indeed  it  may  absorb  aa  much  aa  10  per 
Cfit  of  its  weight.' 

WatcT  held  mechiinically  in  a  clay  will  piuw  off  partly  by  evaporation 
I  air,  but  ean  all  be  lixiven  off  by  heating  tlie  (!lay  to  KKJP  C.  (212°  F.). 
he  eva[)oration  of  the  mechanical  water  Is  accompaniefi  by  a  Rhriukage 
'  the  mass,  wliich  ceases,  liowever,  when  the  particles  have  all  coiiie  in 
Qtact  and  before  all  the  moisture  is  driven  off,  because  some  remains 
pores  of  the  clay.  This  last  portion  is  driven  off  during  the  early 
.  of  burning.  The  shrinkage  that  takea  place  when  the  meclianical 
b  driven  off  varies — ranges  from  1  per  cent  or  less  in  very  sandy 
ays  up  to  10  or  12  per  cent  in  verj-  plastic  ones. 
Since  most  clays  having  a  high  absorption  shrink  a  large  amount 
in  drying,  there  is  often  danger  of  their  cracking,  especially  if  rapidly 
dried,  owing  to  the  rapid  escape  of  the  water-vapor.  Mechanical  water 
may  hurt  the  daj^  in  other  ways.  Thus,  if  the  material  contains  any 
mineral  compounds  which  are  soluble  in  water,  the  latter,  when  added 
to  the  clay,  will  dissolve  a  portion  of  them  at  least.  During  the  drying 
of  the  brick  the  water  rises  to  the  surface  to  evaporate  and  brings  out 
the  compounds  in  solution,  leaving  them  behind  when  it  vaporizes.  It 
also  help  the  fire-gases  to  act  on  certain  elements  of  the  clay,  a 
Qt  explained  under  Burning 

Chemically  combined  water, — Chemically  combined  water,  as  its 
ne  indicates,  is  that  which  exists  in  the  clay  in  chemical  combination 
other  elements,  and  which,  in  most  cases,  can  be  driven  out  only 
1  a  temperature  ranging  from  400°  C.  (752°  F.)  to  600^  C.  (1112°  F.) » 
his  combined  water  may  be  driven  from  several  minerals,  such  as 
^k&oiinile,  which  contains  nearly  14  per  cent,  white  mica  or  muscovite 
ith  4  to  5^  per  cent,  and  Hmonite  with  14.5  per  cent.  Unless  a  clay 
utains  considerable  limnnitc  or  hydrnii-s  silica,  the  percentage  of 
uihined  water  is  commonly  about  one  thirti  the  percentage  of  alum- 
ina found  in  the  clay.  In  pure,  or  nearly  pure  kaolin,  there  is  nearly  14 
per  cent,  and  other  clays  cont.iin  varying  amounts,  ranging  from  this 
_doffn  to  3  or  4  per  cent,  the  latter  being  the  quantity  fuund  in  some 
"i"  sandy  clays.  The  loss  of  its  combined  water  is  accompanied  by  a 
but  variable  shrinkage  in  the  clay,  which  reaches  its  maximum 
ome  time  after  all  the  volatile  matters  have  been  driven  off. 
In  many  clay  analy-scs  the  chemically  combined  water  is  determined 

'Soger's  Collected  Writings,  I,  p.  214. 

*See  Boarry,  Treatise  ou  Comniic  Induetries,  p.  !03;   also  W.  M.  Kennedy, 
Traiifl.  Amer.  Cer.  Soc,  IV,  p.  146;  and  further  experimentJi  under  Firo-ihrinkoge 
LiChftplcrlll)- 
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as  loss  on  ignition,  which  is  incorrect  if  the  clay  contains  carbon  dioxtd 
sulphur  trioxide,  or  organic  matter,  all  of  which  are  driven  off,  in 

at  least,  at  a  dull  red. 


Carbonaceous  Matter 

Under  this  head  is  included  all  matter  of  carbonaceous  ehara«it 
most  of  which  is  of  vegetable  origin.  Few  sedimentary  clays  are  eniin 
free  from  it,  the  material  having  become  incorjjtjrated  with  the  clay  du 
ing  its  deposition.  Although  when  first  mixed  with  the  clay  it  may  Itsv 
l>een  more  or  less  freah^  it  has  since  then  often  undergone  rhari^  du 
to  burial  within  the  clay  out  of  direct  contact  with  the  au*.  wliich  haw 
imparted  to  it  an  asphaltic  or  a  coaly  character. 

Carbonaceous  material  may  occur  in  clay  in  three  different  fo 
namely: 

1.  Vegetable  tissue,  such  as  wood,  leaves,  stems,  etc.,  in  which  fa 
it  is  but  slightly  altered,  and  when  of  this  character  is  commonly  fiHir 
in  surface  clays  of  recent  origin.    Organic  matter  of  this  character  raidj 
afTccts  the  color  of  the  raw  clay  and  burns  out  easily,  so  that  it  can 
but  little  trouble;  then,  too,  it  is  usually  present  in  but  small  amn 
rarely  exceeding  !  per  cent. 

2.  Carbonaceous  matter  of  asphaltic  or  bituminous  character. 
bums  readily  at  a  low  red  heat,  because  of  the  highly  combustible) 
given  off  from  it.    It  ts  found  in  some  clays  ami  in  ninny  shales,  eapeeiil 
those  associated  with  coal-seams»  and  in  the  shales  which  are  wo 
may  range  anywhere  from  0  to  10  per  cent.     If  it  increases  nbo\'e  th 
the  shales  are  not  workable.    Even  5  to  G  i>er  cent  causes  much  tnm 
in  burning. 

3.  Hard,  or  coaly  carbon,  resembling  anthracite.    This  iiurns  slowl^ 
and  gives  nff  few  combustible  f^nsea. 

Effects  of  carbon  in  clay.— Only  the  second  and  third  of  the  , 
mentioned  need  to  Ije  considered.  The  first  alone  causes  trouble  ml 
it  occurs  in  the  form  of  .sticks  or  thick  roots  and  has  to  be  screened  m 
It  is,  therefore,  not  included  in  what  follows. 

Carbonaceous  matter  often  ser%TS  as  a  strong  coloring  agent  of  i 
clays.    If  present  in  email  amounts  it  tinges  them  gray  or  bluish  gaj 
while  larger  quantities  cause  a  black  coloration.    Indeed,  so  strong  i 
this  be  that  it  masks  the  eftect  of  other  coloring  agents  s\ich  a.s  iron. 
fact,  two  clays  colored  black  might  luu"n  red  and  white  respecti\flj 
because  one  had  much  iron  and  the  other  none,  and  yet,  owing  to  1 
black  color,  this  could  not  be  foretold  with  definiteness. 
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Asphaltic  carbon,  aside  from  its  coloring  action,  often  causes  niuch^ 
trouble  in  buming,  causing  black  cores,  or  even  swelling  and  fusing  of  I 
the  brick.  More  than  this,  it  may  keep  the  iron  in  a  ferrous  condition  / 
and  prevent  the  development  of  the  best  color-effects  in  the  ware.  / 

The  reason  for  this  i»  due  to  several  causes:  — ^ 

Carbon  has  a  strong  iiffinity  for  oxygen,  much  stronger  than  that  of 
iron,  therefore  as  Umfr  as  it  reniiiins  in  the  clay  it  will  monopolize  the 
supply  of  oxygen  and  keep  the  iron  in  a  ferrous  condition,  the  form 
in  which  much  of  it  is,  in  gray  or  black  clays  and  shales.  Now,  in  buni- 
ing  a  clay,  one  "f  the  aims  of  the  clay-worker  is  to  get  the  iron  into  a 
ferric  condition,  so  as  to  fulty  develop  its  coloring  propt>rtics  and  prevent 
other  troubles.  As  long  as  any  carbonaceous  matter  remains  the  oxida- 
tion of  the  iron  is  prevented  or  retardedf  and  consequently  the  carbon 
must  be  burned  out. 


Fm.  Ifl. — Cbanf^s  in  biiminfi:  a  \>Urk  elay  to  a  buff-i*olored  brick.  The  lightest 
one  WH-H  not.  removed  from  kilj}  until  all  the  cnrlxin  waa  burned  ofT.  (After 
Riea.  N.  J.  Oeol.  Surv..  Fin.  Hcpt.,  VI.  p.  110,  1001.) 

The  experiments  of  Orton  and  Griffin  ^  have  shown  that  between 
SOif  and  OiMf  C.  is  the  best  temperature  interval  for  burning  off  the 
carbon,  as  below  this  the  oxidation  of  it  does  not  proceed  as  rapidly, 
and  above  this  there  is  danger  of  vitrification  beginning  and  the  oxida- 
tion being  stopiwd. 

The  method  of  procedure  would  therefore  be  to  drive  all  moisture 
out  of  the  clay  first,  then  raise  the  heat  as  rapidly  as  possible  to  a  tcra- 

'  Sccx)od  Report  of  Cominiltee  on  Techniciil  Investigation,  Indianapolis, 
1905. 
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iwrature  between  80GP  and  900°  C,  and  hold  it  there  until  the  vtn 
no  longer  shovva  a  blai'k  core  denoting  ferrous  iron. 

In  order  to  burn  off  the  carbon  and  oxidize  the  iron,  air  suppljing 
oxygen  must  be  drawn  into  tlie  kiln  during  burning,  for  the  gases  ol 
combustion  from  the  fuel  will  supply  none.  Oxidation  may  be  accelerated 
by  increasing  tlie  uiiaount  of  air  entering  the  kiln  and  by  reducing  the 
deimity  of  the  clay  as  much  as  possible. 

In  case  this  is  not  done,  and  the  pores  of  the  clay  close  up  before  all 
the  carbon  Ls  burned  off,  the  expansion  of  the  gases  given  off  by  the 
carbon  will  bloat  the  clay  up  as  soon  as  it  becomes  soft,  and  this  urn 
be  even  followed  by  complete  fusion  of  the  interior  of  the  mass,  cai 
by  the  formation  of  an  easily  fusible  ferrous  silicate.  When  the  carbon 
is  all  Ijurncd  off  then  the  iron  has  a  chance  to  oxidize. 

If  the  clay  contaiixs  much  asphaltic  carbon,  then  the  oxidation  must 
be  carried  on  with  as  little  air  as  possible,  otherwise  the  heat  generated 
by  the  burning  hydrocarbons  may  be  so  intense  as  to  vitrify  the  wi 
before  the  oxidation  is  completed. 

Since  tlcasc  clays  are  more  difficult  to  oxidize  tlian  porous  ones, 
process  of  rnjumfiwture  may  also  influence  the  results,  and  in  this  con- 
nection it  lias  been  fovmd  that  bricks  made  by  the  soft^mud  process  are 
most  rapidly  oxidized,  followed  by  cither  the  stiff-mud  or  dr>'-preai 
(there  being  no  difference  between  the  two),  and  lastly  by  the  sei 
dry-press. 

Effect  of  water  on  black  coring. — It  is  often  ptat«d  b}'  brickmakwT 
that  black  cores  are  caused  by  the  brick  being  set  too  wet.  This  Is  not 
strictly  true,  and  the  relation  is  but  a  verj*  indirect  one.  While  carbon 
bums  off  moat  rapidly  between  the  temperatures  of  800^  and  9O0P  C, 
still  it  al.so  pfisses  off  somewhat  at  much  lower  temperatures.  If  now 
the  brick  is  set  wet  it  requires  so  much  more  heat  in  the  early  stages  d 
firing  to  drive  out  or  evaporate  the  water  that  other  changes,  such  as 
the  oxidation  of  the  carbon,  will  be  retarded,  and  brick  begins  to  vitrify 
before  the  process  is  completed. 


Soluble  Salts 

Origin.— It  has  been  pointed  out  in  Chapter  I  (Origin  of  Clay)  that 
in  the  decomposition  of  mineral  grains  in  clay  soluble  compounds  are 
often  formed.  During  the  drying  of  the  clay  the  moisttu^  brings  these 
to  the  surface  and  leaves  them  there  when  it  evaporates,  thus  forming 
a  scum  on  the  air^lried  ware,  and  sometimes  a  white  coating  on  the  clay 
after  it  is  burned.    Those  found  in  the  clay  are  commorUy  sulphates  of 


I 
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liine.  iron,  or  alkalies,  and  their  formation  la  generally  due  to  the  de- 
cuuipcisition  of  ihu  Iron  pyrit«  frequently  contained  in  the  clay.  A  much 
greater  quautity  of  soluble  sulphates  will  be  formed  if  the  pyrite  is  in  a 
fiuely  divided  condition  and  evenly  distributed  through  the  clay,  but 
these  compounds  may  also  be  formed  without  the  aid  of  pyrite,  as  when 
the  carbonates  are  set  free  by  the  decomposition  of  silicates  such  as  feld- 
spar. When  the  soluble  compounds  have  formed  in  the  green  clay  their 
presence  can  often  be  detected  by  spreading  the  dug  clay  out  to  weather, 
which  will  result  in  their  forming  a  crust  on  the  surface  of  the  mass. 

Their  formation  docs  not  cease,  however,  when  they  are  removed 
from  the  ground,  for  in  some  cases  fresh  pyrite  grains  remain  in  the  clay 
ftfter  mixing,  and  if  the  clay  is  stored  in  a  moist  place  these  may  de- 
compose, yielding  an  additional  amount  of  soluble  material.  One  means 
of  preventing  this  would  seem  to  be  to  use  the  clay  as  soon  as  possible 
after  mixing. 

In  some  cases  soluble  sulphates  may  be  even  introduced  into  the 
clay  by  the  water  used  for  teiiij)cring,  for  distilled  water  is  the  only  kind 
that  is  free  from  soluble  salts.  All  well  and  spring  waters  contain  some 
at  least,  and  if  these  flow  or  drain  from  clays  or  roclcs  containing  any 
pyrite  they  are  almost  sure  to  cnntain  soluble  salts.  Tht»se  flowing  from 
lime  rocks  are  usually  "hard/'  on  account  of  the  linie  carbonate  which 
they  contain.  Still  another  source  of  soluble  salts  in  raw  clay  lies  in 
some  of  the  artificial  coloring  uuiterials  which  are  somotintes  nscd. 

Soluble  sulphates  are  sometimes  formo<l  in  burning,  through  the 
use  of  sulphumus  fuel,  that  is,  coal  containing  more  or  less  Iron  pyrite. 
When  the  coal  Ls  burned  part  of  the  sulphur  in  the  pyrite  is  expelled, 
and,  uniting  with  the  oxygen,  forms  sulphuric-acid  piLs  (SOg),  This 
passes  tlu-ough  the  kiln,  ami,  if  it  comes  in  contact  with  carbonates  in 
the  clay,  converti?  thern  into  sulphates,  because  some  substances,  such 
as  lime  (CaO),  have  a  stronger  affinity  for  sulphur  trioxide  (SO3)  than 
for  carbon  dioxide  (COn). 

It  frequently  happens  that  clay  products  come  from  the  kiln  ap- 
parently free  from  any  sui)erficial  discoloration  or  coating,  but  develop 
one  later  on  if  subjected  to  moisture.  In  this  case  the  salt^  have  l>een 
formed  within  the  body  of  the  ware  during  burning,  and  are  brought 
to  the  surface  by  the  evaporation  of  moisture  absorbed  during  rainy 
weather. 

Miickler*  found  that,  in  a  series  nf  fifty  bricks  examined,  the  sum  of 
the  sulphates  of  lime,  magntisium,  and  alkalies  varied  from  .0134  per 
«ent  to  .7668  per  cent. 
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The  coatings  thus  far  mentioned  are  all  white  in  polor.     In  some 
instances,  however,  the  product  becomes  covered  with  a  yellow  or  green 
^.stain,  wiiich  w  csuised  eithur  by  the  growth  of  vegetable  matter  on  tlie 
iBurface  of  the  bricks,  or  by  soluble  compounds  of  the  rare  element  vana- 
dium.    Some  white  coatings  seen  on  brick,  however,  come  from  ihr. 
mortar. 

Quantity  of  soluble  salts  in  a  clay. — The  amount  of  soluble  sails 
present  in  a  clay  Is  never  very  great,  but  less  than  01  i>er  cent  is  often 
sufficient  to  jvroiiuce  a  white  incnistoition. 

Prevention  of  soluble  salts.— If  a  bri<;k  is  vitrified  the  soluble  com- 
pounds arc  rendered  insoluble,  but  in  the  manufacture  of  many  prades 
of  ware  the  clay  i-s  not  carried  to  vitrification,  and  therefore  the  soluble 
salts  must  be  renderetl  insohibic  if  possible.  This  is  most  effectively 
done  by  luldini;  some  rhemical  to  the  wet  clay  which  will  react  witli 
the  soluble  wdls  in  it.  and  either  render  them  insoluble  or  else  change 
them  into  some  very  easily  soluble  compound  that  can  Ije  readily  washed 
from  the  surfare  of  the  ware. 

The  Hubstunre  commonly  added  is  either  barium  chloride  or  barium 
carbonate.  When  barium  salts  come  in  contact  with  soluble  sulphates^ 
barium  sulphate  is  formeil,  a  comhiuftlion  which  is  insohdjic  in  wal*r. 
This  is  expressed  by  the  first  of  the  following  chemieal  reactions  if 
barium  carbonate  is  used,  and  by  the  second  if  barium  chloride  is  em- 
ployed : 

1.  Ca.SO4+BaC03=CaC0:,  +  BaSO4. 

2.  CaS04  +  BaCl2  =  CaCl2  +  HaSO^. 
We  thiLs  see  that  in  bi>th  cases  we  get  compounds  which  arc  insoluWe, 

or  nearly  so.  If  soluble  sodtimi  compounds  are  present,  the  addition  of 
barium  carbonate,  or  barium  chloride,  will  form  either  sodium  carbonate 
or  Rodium  chloride  (common  salt),  but  since  lx>th  of  these  are  easily 
soluble  in  water  they  can  be  waslie<l  off  without  much  trouble. 

Method  of  use. — Aa  carbonate  of  barium  is  insoluble  in  water,  ii 
order  to  make  it  thoroughly  and  uniformly  effective  it  should  l>e  U8« 
in  ft  finely  powdered  condition  and  distributed  through  the  clay 
thoroughly  as  possible,  because  it  will  only  act  where  it  comes  into  iro 
mediate  contact  with  the  soluble  sulphates.  While  only  a  small  quan 
tity  of  barium  Is  necessary,  still  it  is  desirable  to  use  somewhat  more  thai 
is  actually  req\iirod. 

According  to  Gerlach.*  a  clay  containing  0.1   per  cent  sulphate 
lime,  which  is  the  .same  as  O.l  ^-ranis  per  pound,  would  need  0.6  of 
gram  of  barium  cnrbonate  per  pound  of  clay.     For  safety,  however 


'  l"he  Brickbiiirder.  JSns.  p.  fit)  et  Miq. 


7  prams  should  be  a<ided  to  every  pound  of  day.  This  would  be 
out  100  pounds  for  every  thousand  bricks,  based  on  the  suppiwition 
that  a  p^n  brick  weighs  7  pounds.  As  a  pound  of  barium  carbonate 
costs  about  two  and  one-half  cents,  the  amount  of  it  required  for  K>00 
bricks  would  be  52.50.  It  is  cheaper  to  use  barium  chloride,  for  the 
reason  that  the  salt  is  soluble  in  water,  and  hence  can  be  distributed 
more  evenly  with  the  use  of  a  smaller  quantity;  the  rheniiral  reaction 
also  lakes  place  much  more  rapidly  when  it  is  used.  There  is  this  objec- 
•n  to  it,  however,  that  as  near  the  theoretic  amount  as  pos.sible  must 
usetl:  for  if  any  remains  in  the  clay  unchanged,  that  is,  without  hav- 
ing reacted  with  the  soluble  salts,  it  may  of  itself  form  an  incrustation. 
I  In  the  case  of  a  clay  containing  0.1  per  cent  calcium  sulphate  it  would 
require  26  pounds  of  bariimi  chloride  per  thousand  bricks,  and  this,  at 
two  and  one-hulf  cents  a  pound,  would  mean  an  outlay  of  $0.65.  With 
the  barium-chloride  treatment,  chloride  of  lime  is  formed,  but  this  is 
dec-uinpo»e<l  in  buming. 

SirM.-e,  in  drying  molded-clay  objects,  the  evaporation  is  greatest  from 
the  edges  and  corners  of  the  ware,  the  incrustations  may  be  heaviest  at 
these  points,  but  the  more  rapidly  the  water  is  evaporated  the  less  will 
be  the  quantity  of  soluble  salts  deposited  ou  the  surface.  Iiicrustatloiis 
which  appear  during  drying  are  found  more  commonly  on  bricks  made 
from  very  plastic  clays,  which,  owing  to  their  density,  do  not  allow  the 
water  to  evaporate  quickly. 
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CHAPTER  III 

PHYSICAL  PROPERTIES  OF  CLAY 

Introductory.— Under  Physical  Properties  there  are  included  plas- 
ticity, texture,  tensile  strength,  shrinkage,  porosity,  specific  gravity, 
fusibility,  color,  slaking,  absorption. 

Plasticity 

definition. — Plasticity  is  probably  by  far  the  most  important  property 
of  clay,  lacking  which  it  would  be  of  comparatively  little  value  for  the 
manufacture  of  clay  products.  Seger^  has  defined  it  as  the  property 
which  solid  bodies  show  of  absorbing  and  holding  a  liquid  in  their  pores, 
and  forming  a  mass  which  can  be  pressed  or  kneadetl  into  any  desirefl 
shape,  which  it  retains  when  the  pressure  ceases,  and.  on  the  withdraawl 
of  the  water ,2  changes  to  a  hard  mass.  The  term  hard  of  course  refers 
to  its  hardness  as  compared  with  its  wet  condition,  for  some  airnlried 
clays  are  rather  soft. 

This  is  a  somewhat  narrow  interpretation  of  the  property  of  plasticity, 
and  one  which  would  practically  exclude  anything  except  very  plastic 
clays. 

A  broader  conception,  and  probably  a  more  satisfactory  one  to  the 
physicist,  would  be  to  define  plasticity  as  the  property  which  many 
bodies  possess  of  changing  form  under  pressure,  without  rupturing, 
which  form  they  retain  when  the  pressure  ceases,  it  being  understood 
that  the  amount  of  pressure  required,  and  the  degree  of  deformation 
possible,  will  vary  with  the  material. 

Plasticity  is  not  a  property  of  clays  alone,  for,  as  pointed  out  by  B. 
Zschokke^  in  connection  with  his  study  of  the  methods  of  testing  it, 


'  Beziehungen  zwischen  Feuerfestigkeit  unci  Plasticit iit  der  Tone. — Thonindustrie- 
Zeitung,  1890.  p.  201. 

*  By  evaporation. 

'  Thonindustrie-Zeitung,  No.   120,  p.   16.58,   1905;    and  Baumaterialienkunde, 
1902,  No.  24,  25-26;  1903,  No.s.  1-2,  3-1,  and  5-6. 
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other  bodies,  such  as  lead  atul  wax,  are  plastic  in  their  natural  condition 
at  ordinary  temtjeratures,  while  copper,  steel,  and  glass  are  plastic  at 
higher  temperatures. 

Others,  like  clay  and  Bome  mineral  aggregates,  are  plastic  only  when 
wet,  but  even  then  var>'  greatly  in  their  plasticity. 

Some  writers  on  clay,  in  attempting  t^j  give  examples  of  plastic  and 
Don>plustic  bfxlics,  have  sought  to  compare  clay  and  sand,  stating  that 
the  latter,  pven  when  fine-grained  and  wet,  shows  no  plasticity;  and, 
while  it  is  true  that  a  very  fine-grained  wet  sand,  or  a  finely  ground 
mass  of  quartz,  d(X,'s  not  under  pressure  show  the  same  amount  of  defomv 
ability  without  rupture  as  clay,  still  it  shows  some,^  and  the  question  may 
be  asked  whether  both  are  not  classifiable  as  plastic  bodies,  the  one  but 
slightly  plastic  and  the  other  highly  so.  It  is  indeed  possible  to  get  a 
series  of  samples  showing  a  complete  gradation  frimi  a  highly  plastic 
clay  to  a  but  slightly  plastic  ground  quartz.  The  latter  will  nioretiver 
hold  its  shape  when  dr}*,  even  thnngh  it  will  stand  practically  no  handling 
without  breaking. 

Inst«ad,  therefore,  of  intimating  that  plasticity  when  wet  is  a  property 
peculiar  to  clay,  it  would  perhaps  seem  more  correct  to  state  that  this 
property  is  highly  developed  in  clays  as  compared  with  other  earthy  and 
sandy  materials  of  ven,'  fine  grain. 

The  amount  of  water  required  to  develop  the  maximum  plasticity 
in  any  clay  varies  with  the  material,  this  being  shown  by  Wheeler' 
for  a  number  of  Missouri  clays  and  shales,  as  follows: 

Kind.  Per  cert. 

i            Loess,  or  brick-clay 16-19 
Fire-  and  potters'  clay 15-33 
Flint-clay 15-24 
Kaolins 18-35 
Shales 14-25 
An  important  character,  closely  dependent  on  the  degree  of  plasticity 
exhibited  by  finely  textured  mineral  aggregates,  is  the  assumption  of 
a  more  or  le.ss  hard  condition  when  dry,  the  degree  of  hardness  increasing 
usually  with  the  plasticity. 

HaHening  on  exposure  to  heat  is  not  necessarily  a  function  of 
"plasticity,  but  is  due  to  the  particles  softening  by  fusion  and  becoming 
welded  together.     In  those  highly  plastic  mineral  aggregates  (our  moet 

•  See  0.  P.  Morrill.  Non-met*ltic  Minerals,  p.  221. 
"  Mo.  Geol.  Sun-.,  XI.  p.  98,  18W. 
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plastic  clays)  this  hardening  takes  place  at  a  compnrativeh*  low  tempera 
ture,  because  the  i>articles  are  very  fine-grained  and  come  into  the  closest 
contucl,  thereby  facilitating  heat  reactions;  while,  in  the  coarse r-jcrained 
ones,  the  particles  are  not  only  more  or  less  separated  by  interspaces, 
but  there  are  more  quartzose  grains,  which  of  themselves  are  refractory, 
and  therefore  ht-at  reactions  occur  at  higher  temperatures,  or  else,  if 
any  fusion  occurs  at  a  lower  heat,  it  is  insufficient  to  bind  the  mass 
together  int-o  an  impervirms  body. 

Cause  of  plasticity  in  clay.— Scientists  have  for  a  long  time  sought 
to  discover  the  cause  of  this  most  interesting  physical  property,  and, 
while  many  theories  have  l)een  advanced,  none  are  wholly  satisf actor)*. 
The  more  import  ant  ones  are  referred  to  below. 

Water-of- hydration  theory. — It  has  been  held  by  many  that  the 
plasticity  of  u  clay  stood  in  close  relation  to  the  hydnited  silicate  uf 
alumina,  kaolinite,  and  that,  wljon  the  water  of  combination  of  this 
mineral  was  driven  off,  the  plastic  quality  of  the  clay  disappeared  with 
it.  Indeed,  so  firm  a  hold  has  this  theory  obtained  that  even  to  the 
present  day  it  is  still  quoted  in  many  instances. 

While  it  is  true  that  heating  the  clay  to  a  sufficiently  high  tempera- 
ture to  drive  off  the  chemically  combined  water  causes  a  loss  of  its 
plastic  qualities,  still  these,  so  far  as  known. stand  in  no  relation  whatever 
to  the  amount  of  kaulinite  present,  and  it  is  mure  probable  that  a  tempera- 
ture necessary  to  drive  off  the  water  of  combination  may  also  break  up 
other  structures  closely  related  to  the  plasticity.  Then,  too,  some  of 
the  most  highly  jflastic  clays  contain  but  a  very  small  percentage  of 
the  hydrated  silicate  of  alumina. 

.\s  Ix'uring  against  the  hydration  theory,  we  find  that  two  clays  of 
practically  identical  composition  may  differ  widely  in  their  plastic 
qualities.  Thus,  for  example,  a  white  residual  clay  from  Webster,  N,  C, 
was  f(mnd  to  be  decidedly  less  plastic  than  a  white  sedimentary  clay 
from  Edgar,  Fla,,  although  the  two  agreed  closei^'  in  their  chemical 
composition  and  contained  over  98  per  cent  of  clay  substance.^ 

Textxire  theory. ^Among  the  theories  advanced  to  explain  the 
cause  of  plasticity  is  that  of  6ncncss  of  grain.  Mr.  Whitney,  for  example, 
in  studying  soils,  has  designated  as  clay  all  those  portions  which  were 
under  .005  mm.  in  diameter .2 

While  it  is  true  that  the  clayey  particles  of  clays  consist  of  grains 
of  all  sizes  below  the  limits  mentioned  above,  still  plasticity  cannot  be 

•  Rio-M,  Md.  Geol.  Surv.,  iV.  p.  ■J4S,  IW2. 

*  Mechanical  Aualyats  of  SoiU,  Depl.  of  Agric,  Bur.of  Soils,  Bull.  4,  p.  15,  1896. 
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explained  on  this  ground  alone.  Very  finely  ground  quartz,  feldspar 
or  mica  are  sligbtly  plastic,  but  not  ne-arly  as  much  so  as  most  clays. 
Mnre<iver,  the  finest -grained  clays  are  not  always  the  most  plastic  ones. 
Wheeler'  has  noted  that  samples  of  quartz  and  limestone  ground  suffi- 
ciently fine  to  pass  a  20{>-mesh  sieve  felt  plastic  when  wet,  but  fell  to 
pieces  when  dry,  and  the  same  results  were  obtained  by  Orton^  with 
glass  ground  to  exceeding  fineness.  When  we  recollect,  however,  that 
clay  particles  are  smaller  than  .0001  mm.,  0.02  in.  lO.oOM  rtmi.)  is  not 
sufficiently  fine  grinding  for  testing  the  accuracy  of  the  theory.  That 
fineness  no  doubt  exerts  some  influence  on  plasticity  is  evidenced  by 
the  fact  that  fairly  plastic  clays  can  often  be  rendered  more  plastic  by 
fine  grinding,  and  the  addition  of  sand  is  said  by  Beyer  and  \\'illrams  to 
injure  plasticity  directly  as  the  diameter  of  the  grains  Lncreasep.^ 

On  the  other  band  Wheeler  found  that  finely  ground  gypsum  and 
brucite  had  considerable  binding  power  and  plasticity,  but  in  this  case 
the  plasticity  was  not  ascribed  to  fineness  alone. 

In  this  coonection  we  may  point  to  the  researches  of  Daubn^,  who 
claimed  that  feldspar.  gn:>und  wet.  gradually  became  plastic  if  allowed  to 
stand,  but  that  dry-ground  feldspar  lacked  plasticity,  and  from  this 
Olchewsky  has  reasoned  that  it  is  prolonged  contact  of  the  mineral 
grains  with  water  during  their  sedimentation  that  develops  plastic 
qualities  in  the  mass. 

^^      A  somewhat  unique  modification  of  this  theor>-  has  been  proposed 

^by  E.  Linder.*  who  considers  that  the  particles  are  of  extreme  fineness, 
and  that  weathering  produces  very  long  or  round  particles,  the  former 
giving  greater  contiict  surfnce,  and  thereby  increasing  the  surface  tension 
and  the  plasticity.  He  also  believes  that  if  clays  have  rounded  particles 
they  will  burn  dense  only  at  high  temperatures,  while  in  those  clays 

^whose  particles  are  elongated  the  reverse  occurs. 

f  Plate  theory.— Johnson  and  Blake*  advanced  the  theory  that  most 
pla.«tic  clays  seem  to  be  composed  largely  of  small  transparent  plates, 

^.  which  were  bunchetl  t<igether.     They  state: 

^  "  We  have  examined  microscopicaUy  twenty  specimens  of  kaolins, 
pipe-  and  fire-clays.  ...  In  them  all  is  frmnd  a  greater  or  les.*;  propor- 
tion of  transparent  plates,  and  in  miwt  of  them  the  plates  are  abundant, 
evidently  constituting  the  bulk  of  the  8ul«*tance. 

'  Mo.  <:eol.  8ur\-..  .XI,  p.  :i)2.  18<m. 

'  Brick,  Vol.  XIV.  p.  2Ifl. 

« la.  Geol.  Surv.,  XIV,  p.  86.  1904. 

*  Thonindufltrie-ZeitunK,  XXXVI,  p,  382, 

•  Amor.  Jour.  8ci.  (2).  p.  351.  187C. 
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"The  plasticity  of  a  clay  is  a  physical  character,  and  apjx'ars  t 
close  connection  with  the  fineness  of  the  partiulea.  Ttie  kaolimte  d 
Summit  Hill,  consisting  of  crystal  plates  averaging  .0(J3  of  an  inch  ia 
diameter,  is  destitute  of  this  quality.  The  nearly  pure  kaoUnite  from 
Richmond,  Va.,  occurring  mostly  in  bundles  of  much  smuUer  dituensi(HU, 
the  largest  being  but  .001  of  an  inch  in  diameter,  is  scarcely  plastic.  ,.i 
The  more  finely  divided  fire-clay  from  Long  Island  Is  more  'fat.*  whBe 
the  Bodeniiiais  porcelain  earth,  and  other  clays  in  which  the  bundles 
are  absent  and  the  plates  are  extremely  small,  are  highly  plastic." 

Other  investigators  appear  to  have  attributed  the  cause  of  the  plas- 
ticity to  these  plates,  for  this  same  view  was  advanceil  in  l.s78  by  Bioder- 
mana  and  Ilcricfeld,'  and  in  this  country  a  similar  view  was  lield  by 
Cook,2  who  considered  the  plasticity  to  be  due  to  the  plates  of  kaolinile. 
He  noted  the  bunched  character  of  these  in  some  clays,  and  pointed  out 
that  attrition  broke  up  these  bunches  and  increased  the  plasticity. 

Haworth,^  in  exatnining  the  Missouri  clays,  found  the  most  plastitt 
clays  to  be  composed  of  minute  scales,  and  Wheeler  *  sought  to  prov 
this  point  exj>erimentaily  by  finely  grinding  minerals  possessing  a  plater 
like  structure.  Calcite  and  gypsum  when  Cnely  ground  wertMound  to 
"develop  good  plasticity  when  mixed  with  water,  and  to  have  tensile 
Btrcngtlis  when  air-dried  of  100  and  350  lbs.  per  sq.  in,  respectively 
Talc  and  pyrophyllite  were  likcwi.se  plastic  when  finely  ground  and 
mix&l  with  water,  but  developed  little  strength  when  dry. 

Interlocking-graia  theory. — Olchewsky '^  was  probably  the  first  to 
suggest  that  the  plasticity  and  cohesion  of  a  clay  were  dependent,  on 
the  interlocking  of  the  clay  particles  and  kaolinite  plates,  and  in  thia 
connection  used  the  briquette  metliod  of  testing  the  plasticity,  or  rather 
obtaining  a  numprind  expression  for  it,  by  determining  the  tensile 
strength  of  the  airniricd  clay. 

More  recently  two  Russian  investigators,  U.  Alcksicjcw  and  P.  .\. 
Cremiatschenski,  in  studying  the  Russian  clays  ^  liavc  come  to  the  con- 
clusion that  plasticity  is  due  not  only  t<i  the  interlocking  of  the  clay 
particles,  but  varies  also  with  the  fineness  of  the  grain,  the  extreme 
coarse  and  fine  ones  both  having  less  plasticity. 

If  the  tensile  strength  of  a  clay  depen<U  on  the  degree  of  interlrK*king 


*  Biscliot,  Die  Feuerfesten  Thoiie,  p.  23. 

>  N.  J.  Geol.  Surv..  ReiM»rt  on  Clays,  IS7R.  p.  287. 
» Mo.  Ceol.  Surv..  Vol.  XI.  p.  104,  1890. 
*/5m/.,  p.  106.  !S%. 
•Topf.  u.  Zicg.  Zeit.,  No.  29.  1SW2. 

•  Zap.  imp.  mask,  techn.  obHctitsch.,  1S90.  .\XX.  pt.  6-7. 
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clay  particles,  then  the  tensile  strength  should  afford  us  a  means 
of  expressing  numerically  the  plasticity  nf  the  clay.  It  appears,  however, 
that  there  is  no  such  constant  relatiun  between  these  two  properties. 

Ball  theory. — Aaron  suggested  that  the  phislicity  of  clay  was  du& 
to  the  presence  of  glohulur  particles,  but  Zschokke  has  with  reasoa 
disputed  this,  nn  the  ground  that  if  the  grains  were  of  this  form  they 
iK'ouJd,  when  in  cloeest  contact  (as  when  au--dried),  touch  at  the  fewest 
number  of  points, — a  condition,  therefore,  not  favorable  to  the  great 
cohesion  which  exists  between  the  grains  of  higlily  plastic  clays. 

Colloid  theory. — In  the  last  thirty  years  not  a  few  observers  have 
called  attention  lo  tJie  fact  that  many  clays  appear  to  contain  grains 
of  non-cri'stalline  material,  which  is  apparently  of  colloidal  character. 
It  is  believed  that  these  colloids,  or  glue-like  particles,  which  are  mixed 
with  the  mineral  grains,  form  one  cause  of  plasticity,  in  fact  the  mam 


A.S  this  theory,  or  a  modification  of  it.  seems  to  have  appealed  to^ 
many  investigators,  it  may  be  well  to  discuss  it  in  some  detail. 

The  presence  of  colloids  in  clay  was  suggested  at  a  comparatively 
early  date,  for  Way'  in  1S50,  while  endeavoring  to  explain  the  l.igh 
absorptive  powers  of  clay  for  water,  found  that  this  property  was  destroyed 
by  exposure  to  high  hcnt,  and  considered  that  it  was  due  to  some  pti  uliar 
form  or  modification  of  aluminum  silicate  which  formed  the  clayey  or 
impalpable  portion  of  the  soil.  In  searching  for  evidence  he  was  able 
to  prepare  an  artificial  hydratcd  sodium  aluminum  silicate  which  pos- 
sessed high  absorptive  properties. 

At  a  somewhat  later  date  (1893),  Van  Bemmelcn^  announced,  as 
Lbe  result  of  his  investigations  on  the  inorganic  colloids  or  hydrogels, 
that  '*  nearly  all  metallic  oxides  and  many  salts  have  the  power  of  entering 
into  that  peculiar  hydrated,  non-cr\*stalline  condition  which  Graham  * 
Ln  1S61  denominated  colloid  or  glue-like.  The  special  hydrogcl  which 
Van  Bemmelen  studied  most  minutely  was  that  of  silicic  acid,  although  his 
researches  included  the  oxides  of  copper,  tin,  iron,  aluminum,  etc..  etc. 
As  a  result  of  these  extensive  investigations  the  author  cited  adopts  the 
suggestion  of  Nagcli  of  the  micellian  structure  of  colloids,  that  is  to 
say,  that  these  curious  substances  consist  of  heterc^eneous  molecular 

»  Royal  Agric.  Soc.  Jour.,  XJ,  1.S50,  QuQt«d  by  Ciubman,  Iraus.  Aiuer.  Cer. 
Boc..  VI,  p.  7,  1«M. 

>Zeit«hr.  anorg.  Chem.,V,  p.  466;  XIII,  p.  233;  XVIII,  p.  M;  XX,  p.  185; 
XXII,  p.  313.  Quoted  by  CushmAii,  Jour.  Amer.  Cfaem.  Soc.,  XXV,  No.  5,  Moy, 
1903. 

>  PhiL  Trans.  (1861).  p.  IS3.    Quoted  by  Cuflhman.  I.e. 
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complexes  which  possess  a  submicroBcopical,  web-like,  porous  fonuatioDi 
oue  of  the  distinguishing  characteristics  of  which  is  the  peculiar  relatioo 
to  and  dependency  on  water  which  they  exhibit.  The  water-cuutcDt 
of  these  hydrogels  varies  continually  with  the  temperature  and  tbt 
vapor  pressure  of  the  atmosphere  in  which  they  find  themselves.  Dri« 
at  liigh  temperatures  up  to  a  certain  critical  point,  they  will  lose  neari 
all  their  water,  unly  to  take  it  back  again  eagerly  when  allowed  to  coo 
in  free  air  or  in  moist  atmospheres.  This  dehydration  and  rehydraiiua 
can  be  repeated  indefinitely,  unless  the  temperature  of  drj-ing  is  cairiet 
too  high,  when  the  faculty  is  gradually  lost  and  finally  destroyed. 

"The  water  thus  absorbed  is  denominated  'micellian'  water,  and 
differs  from  hygrospopic  water  in  the  ordinary  sense  of  the  word.  It 
absorbed  into  the  particles  of  a  powder  of  an  inorganic  hydrogel  without 
changing  the  physieal  appearance  \vhen  under  the  microscope,  whik 
hygroscopic  water  is  usually  absoriied  on  the  particles  producing 
distinct  appearance  of  wetness." 

Among  the  ingredients  of  clay  which  might  assume  a  colloidal  font 
are  aluminum  hydroxide,  iron  oxide,  hydrated  silicic  acid,  and  organ: 
matter.  Some  clays  undoubtedly  contain  large  amounts  of  colloid^ 
but  in  others,  as  in  many  common  clays,  it  is  claimed  that  there  is  bu 
a  small  proportion  of  ingredients  which  are  capable  of  assuming  the  colloi 
slate  by  the  action  of  the  water  alone. ^ 

Schlossing^  states  that  in  all  kaolins  there  are  finely  cr>-stalline 
substunces  and  colloidal  ones,  which  latter  he  separated  by  treatment 
with  ammoniacal  water,  and  found  them  to  be  singly  refracting,  globular 
aggregates,  but  Kasai,^  on  the  other  hand,  disputed  the  existence 
colloidal  matter,  for  he  finds  that  the  apparently  colloidal  bodies  o 
Zettlitz  kaolin  arc  doubly  refracting. 

Still  later  P.  Ilohland  *  suggested  the  colloidal  nature  of  plasticity 
while  Van  der  Bellen  *  a  little  later  expressed  a  similar  view. 

Lucas  **  in  commenting  on  Rohland's  observation  calls  attentia 
to  the  fact  that  Zettlitz  kaolin  must  have  some  colloidal  matter  becaufl 
it  flows  freely  through  a  die,  and  regards  as  significant  the  fact  thai 
non-plastic  crystalline  powder  will,  under  pressure,  allow  the  wat«r  to 
be  squeezed  out,  and  will  only  form  a  plastic  mass  when  tragacanth 
mixed  with  it. 


'  la.  Gcol.  Surv.,  XtV,  p.  90,  1901. 

*  Comp.  rend.  1874,  LXXIX,  pp.  376  aod  473. 

*  Die  Was.serh.iltigen  Aluiiiititim  Silikatc.    Dis».  MCincben,  1806. 

*  Zeitachrift  fiir  anorganische  Clieiuie,  Vol.  XXXI,  Pi.  I.  p.  158,  1902, 
•Chetn.  Zcit..  XXXVl,  1903. 
■  Geol.  CoDtralbl.  f.  Min.,  Gcol.  u.  Pol.,  No.  2,  p.  33,  1906. 


J 


PHYSICAL  PROPERTIKS  OF  CLAY 


The  theory  of  Olcheweky  that  plasticity  was  due  to  the  epongy 
ponjus  nature  of  the  BmaJIest  particles,  which  by  reason  of  pressure 
ftirange  themselves  into  a  sf>rt  of  felt,  may  be  i-egarded  as  admitting 
the  presence  of  colloidal  matter,  but  of  more  deliuit*  character  are  the 

tements  of  Arons'  and  Bischof,  who  suggest  that  plasticity  was  no 
doubt  due  to  some  special  form  of  hydrntcd  aluminum  silicate,  while 
Seger^  remarks  further  that  there  is  probably  some  effective  mcilctular 
arrangement,  which  was  already  fixed  in  the  structure  of  the  parent 

In  this  country  the  colloid  thenry  seems  to  have  received  little  iitten- 

tion.     In  studying  the  clays  of  Maryland  the  nuthor^  noted  the  presence 

of  what  he  assumetl  were  colloichil  bodies  in  the  highly  plastic  eliiys, 

;d  the  subject  has  been  followed  up  in  greater  detail  by  Cushnmn.* 

ho  believes  that  plasticity  is  due  to  a  '^colloid  condition  of  the   fine 

particles,  or  of  some  pruportion  of  the  particles  which  go  to  make  up 

,tlie  clay   mass.     These  ainf)rph(His  inorganic  particles  possess  a  sub- 

icprewopic    structure.     They    absorb    wat«r    eagerly,   and    gradually 

assume  the  coherent  comlttion  which  causes  in  the  wet  mass  the  quality 

iWe  call  plasticity." 

In  order  to  prove  the  existence  of  colloids  in  clays,  Cushman  *  pre- 
some  silicic  acid.  This  jelly  dries  rapidly  In  u  powder,  wliicli 
lydrateil  and  loses  or  gains  water  with  changes  in  the  moisture  content 
of  the  atmosphere  in  which  it  stands,  but  if  heated  above  HMKl°  C.  it 
loses  its  absorptive  power.  Hydrated  colloid  alumina  was  also  prepared 
artiBcially. 

On  mixing  the  former  with  clay*  it  was  found  that  the  silicic  acid 
increased  the  binding  power  and  shrinkage  but  not  the  plasticity;  while 
le  alumina  increased  the  plasticity  but  not  the  shrinkage  or  binding 


^k>c 
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ower. 


A  mixture  of  the  two,  prepared  by  adding  sodium  silicate  (water 
laas)  to  the  solution  of  alumj  showed  that  its  addition  to  a  clay  increased 
both  its  binding  power  and  plasticity. 

Riee^  found  that  the  addition  of  one  per  cent  gallotannic  acid  to  a 

'  Dammer,  Chem,  Tech.,  I. 

'TonirKJiiKtrie-Zeitung,  p.  37,  1877. 
»Mtl.  Qool.  Surv.,  Vol.  IV,  p.  251. 

*  .lour.  Amer.  CTiem.  Soc,  XXX,  p.  .'». 
'  'I'rHns.  .VrntT.  C-cr.  l>()c..  VI.  p.  7.  1004. 

•  'Hie  percpntagc  added  is  not  given. 

'  Tho  Bn^ofitcd  foimula  of  this  niixluro  h  XAl,0,,YSiO,,ZH,0, 
'  Tratw.  Amer.  Cer.  Soc.  VI,  p.  4-1.  ItHU. 
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clay  appeared  not  only  to  Increase  ita  plasticity  but  also  its  b: 
power. 

Gn)Ut  by  using  a  dilute  solution  of  agar-agar  for  tempering  two 
clays  found  that  O.OS  per  cent  increased  their  plasticity  npproxinmtely 
60  and  36  per  cent  respectively. 

He  dried  the  same  mass,  mixed  it  mth  water,  filtered  off  the  intter^ 
and  tested  tb*?  uleur  filtrate  for  soluble  salts,  but  gut  no  jelly,  which 
was  probably  due  to  the  fact,  overkmked  by  him,  that  the  clay  adsorbs 
the  calloidul  material.     (See  Adsorption.) 

Aluiiuiiu  cream  was  then  tried  itistead  of  agar-agar,  and  it  wa< 
found  tliat  it  took  3  per  cent  of  the  former  to  raise  the  plasticitj'  as  much 
ns  O.OS  per  cent  of  the  latter;  furthermore,  after  air-dr}'ing,  powdering, 
and  remixing,  the  plasticity  of  the  mass  dropped  to  its  original  li^ure. 
Grout  coiise(]Uently  ar^tues  tlial  since  plastic  clays  are  not  injured  by 
air-dryJUK.  it  is  evident  that  "such  colloids  as  alumina  cream  do  no( 
explain  pUstieity,  and  that  some  colloid  is  required  wliieh  will  soften 
in  water  after  air-drying,  a  type  which  is  extremely  rare  in  the  inonfanitt 
kingdom."  He  says  further:  "The  sujigestion  of  Cushman,  that  & 
hydrated  eilJeate  of  alumina  could  be  precipitated  so  as  to  give  llitt 
<leslred  properties,  bos  been  carefully  tried,  but  all  resulted  exactly  aa 
^umina  cream." 

Grout,  moreover,  questions  the  value  of  detecting  colloids  by  staining 
with  methylene  blue,  since  he  finds  tliat  most  clays  contain  from  1  to  2 
per  cent  of  grains  which  will  take  a  stain  from  methylene  blue,  gcntisii 
violet,  eowine,  or  fudisine.  Both  fresh  and  dried  silicic-acid  jelly  bfl 
states  take  the  stain,  but  the  latter  acts  like  quartz  in  decreasing  the 
plasticity.  Weathering,  he  further  claims,  does  not  increase  the  number 
of  grains  capable  of  taking  llie  stain. 

It  would  appear  from  wliat  has  been  said  that  most  claya  contain 
(1)  both  non-plastic  bodies  or  grains,  of  cither  crystalline  or  amorphous 
■character,  and  (2)  colloids,  which  appear  to  at  least  influence 
plasticity. 

If  the  colloids  are  the  main  cause  of  plasticity,  this  fact  is  not  p: 
definitely  either  by  showing  their  presence  in  the  clay  or  by  demon- 
Btrnting  that   their  addition   to  an  already  plastic  clay  increane  ii 
plasticity. 

On  the  contrary,  it  would  socm  necessary  to  add  them  to -some  fine- 
grained mineral  aggregate  of  exceedingly  low  plastic  qualities,  and 
by  this  addition  be  able  to  change  it  into  a  thoroughly  plastic  mass. 
A  mft.«s  of  colloidal  material  by  itself  does  not  show  the  solidity  and 
>cohesiveness  which  a  strongly  plastic  clay  does.    It  is  as  if  it  lacked 
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some  strengthening  internal  structure,  such  as  a  mass  of  mineral  grains 
might  .supjily. 

Molecular-attractioa  theories. — Several  wTiters,  to   be   referred  to 
below,  have  inclined  to  the  thcorj'  that  the  plasticity  of  clay  was  due 
to  molecular attriiction  between  the  clay  particles  themselves  or  between 
^.  the  clay  grains  and  water  surrounding  them. 

^P  Ladd.*  as  a  result  of  his  work  on  the  Georgia  clays,  advocates  the 
^  theory  that  the  mutual  attraction  between  water  and  clay  particles,  and 
^  surface  tension  of  the  water-films,  may  exert  an  important  influence  in 
H  determining  plasticity, 

H        The  affinity  of  the  clay  particles  for  water  will,  however,  var>'  with 

"  their  chemical  nature;  -  and  particles  of  the  same  material  have  a  vailing 

affinity,  under  different  conditions  not  now  well  understood.     Moreover, 

salts  and  organic  matter,  in  solution,  modify  the  value  of  the  surface 

tension  of  the  liquid,  the  former  generally  increasing,  the  latter  decreasing. 

This  latter  seems  an  important  point  for  all  clays  containing  a  variable 

quantity  of  soluble  matter. 

—^        The  importance  of  molecular  attraction  between  the  clay  substance 

B  and  water  was  looked  on  by  Zschokke  ^  as  an  important  cause  of  plasticity, 

he  ha^nng  pointed  out  that  since  clay  particles  are  plastic  bodies,  they 

have  greater  attraction  for  water  than  non-plastic  grains  such  as  sand, 

and  that  therefore  the  grains  will  be  surrounde<i  by  a  thicker  iilm  of  water 

than  sand-grains  would  be.    The  addition  of  an  excess  of  water  separates 

the  clay-grains  so  far  that  they  are  no  longer  able  to  attract  each  other, 

and  the  mass  loses  much  of  its  cohesiveness.     Moreover  It  is  thought 

■  that  the  absorption  of  the  water  into  the  fxires  of  the  clay  is  accompanied 
by  a  superficial  alteration  of  the  clay  particles,  giving  ihem  a  gelatinous 
coating,  which  permits  them  to  change  their  form  and  ul  (he  same  time 
keep  in  close  contact;  a  point  which  is  rather  corroborated  by  the 
experiments  of  Cushman  *  and  Mellor.^  He  finally  suggests  that  plas- 
ticity must  be  dependent  on  (1)  the  size  of  the  smallest  particles; 
(2)  the  form  and  character  of  the  surface;  and  (3)  other  peculiar  properties 
possibly  of  a  molecular  character. 

Grout,*  reasoning  along  somewhat  similar  lines,  believes  that  the 
chief  cause  of  plasticity  is  the  molecular  attraction  depending  on  the 


■ 


■  Ga.  Geo].  Surv.,  Bull.  6a,  p.  29,  I80S. 

'Whitney,  U.  8.  Dept.  of  Agric,  Bull.  No.  4,  1892;  Briggs.  ibid.,  Bull.  10.  1897. 

■I.e. 

•  Bull.  V.  S.  Dept.  .Kgric.  9*J,  J90.5. 

•Trwia.  Eng.  Ccrain.  Soc..  V.  Pt.  1,  p.  72,  1906-8. 

«  W.  Va.  G«oL  Suit.,  Ill,  p.  54,  1906. 
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chemical  constitution  of  molecules,  but  that  it  may  be  improved  by  the 
addition  to  the  clay  of  colloids  such  as  tunnin,  etc..  or  such  solutions  is 
ammonia,  alum,  etc. 

Wliile  sevenil  of  these  theories— plate  structure,  colloids,  and  molee- 
ular-attraction  theon," — have  nmrh  to  commend,  still  there  seem  to 
be  serious  objections  in  many  cases  against  their  being  the  soU  cause 
plasticity. 

It  is  urged  that  many  clays  show  little  or  no  plate  structure, 
yet  the  evidence  of  Vogt  (p.  47),  Cook  (p.  98),  un<l  Wheeler  (p.  98) 
certainly  indicate  that  it  must  at  least  be  a  factor  governing  the  plastic 
qualities  of  many  clays. 

Although  the  colloid  thcor>'  may  be  discarded  by  some^  stDI  the 
experimenKs  of  Cushman  (p.  101),  Ries  (p.  101),  and  Grout  (p.  102) 
point  to  its  importance. 

The  examination  of  any  extensive  series  of  clays  hardly  seems  to 
bear  out  the  theory  that  any  one  of  the  causes  suggested  is  the  sole  one, 
but  rather  that  plasticity  is  dependent  on  a  combination  of  them. 

Effect  of  bacteria, — Aging  n  clay  mixture,  that  is,  allowing  it  to 
lie  in  cellars  for  six  months  or  a  year,  appears  to  improve  its  pl»stictty.  and 
it  lias  been  suggested  that  this  is  due  to  bacterial  action.  Bacteria 
are  not  unconmion  in  clay,  and  the  prevalent  one.  according  to  Stover,' 
is  believed  to  be  bacilliLs  sulphureiis,  whose  de^^elopment  is  facilitated 
by  a  temperature  of  '.\7°  to  .18°  C. 

•Se^er.  although  not  referring  to  bacteria,  stated  that  in  the  agin^ 
of  a  clay  an  acid  was  gradually  developed  by  organic  decomposition, 
which  destroyed  the  alkalinity  of  the  mass  and  was  supposed  to  ba 
rcspoasible  for  the  imprt>veuient  in  plasticity. 

Since  bacteria  are  known  to  exist  in  days,  they  may  add  organic 
colloids  (pri'tuplttsni)  to  it,  and  thereby  increase  its  plasticity.^ 

Weathering  clay. — It  is  a  well-known  fact  that  weathering  a  clay 
often  increases  its  plasticity,  but  this  might  be  due  to  several  causes,  such 
as  mechanical  disintegration  of  the  mass  by  frost,  water  soaking,  the 
oxidation  of  oi^anic  matter,  or  to  the  production  of  colloids  by  hydrolysis 
or  bacterial  action. 

Grinding  may  sometimes  improve  the  plasticity  as  much  as  weath- 
ering. 


'  Trana.  .\mer.  Cer.  Soc.,  IV,  p.  185.  1902. 
'  W.  Va.  Geol.  Surv.,  Ill,  p.  47,  1900. 
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The  Measurement  of  Plasticity 

Clays  vary  widely  id  their  plasticity,  ranging  from  those  which  are 
ver>*  le&n  or  lov  in  pl&^icity  to  those  which  are  ver}-  fat  or  of  high  plas- 
ticity. 

day  tecfaoolo£:ist5  have  for  a  long  time  been  searching  for  a  satia- 
kBtor>'  n»eans  of  mea^urin^  the  plasticity  of  clays,  but  lhl'<  seems  to  be 
Hdifiicult  to  find  as  the  true  cause  of  this  peculiar  profieny. 

The  methods  which  ha\T  been  developed  fall  into  two  classes,  namely, 
tests  of  the  wet  clay  and  tests  of  the  dry  clay,  the  former  being  probably 
the  mora  lofcical. 

Tests  of  the  wet  clay. — The  commonest  and  moet  practical  of 
these  coosisis  in  feeling  the  clay  between  the  fingers.  It  is  not  entirely 
EKtasfactoiy,  but  about  the  only  one  that  can  be  U£ed  in  the  held,  and. 
Km  the  whole,  gi^'es  us  an  important  clue  to  the  workability  of  the  clay. 

Biscbof '  suggested  forcing  the  wet  clay  through  a  cjiindricaj  die, 
and  measuring  the  length  of  the  pencil  extmded  before  it  broke  of  its 
own  weight,  and  a  similar  method  has  been  advised  by  E.  C.  Stover,' 
but  there  are  serious  abjections  tn  i  hi«.  because  the  day  should  be  worked 
up  into  its  most  plastk  condition  befrwe  testing,  and  there  is  do  meaoe 
Df  determining  accurately  when  the  condition  of  maximum  plasticity  haa 
ieen  reached. 

The  use  of  the  Vicat  needle  has  abo  been  suggested,  the  operation 
KMisisling  in  forcing  a  needle  into  the  plastic  clay  by  the  presuie  of  a 
cnown  weight.  lAnernhftk*  states  that  the  proper  consistency  is 
•cached  when  the  needle  under  a  wei^t  of  300  grams  peoetrmtes  to  a 
lepth  of  four  centimeterv  in  five  minutes.  The  same  principle  is  ini'olved 
lalAdd's  test,  which  consistB  in  swyenriing  a  pimnb-boli  from  one  ann 
Ir'A  baUiwe  and  allowing  it  to  settie  into  the  moiat  clay  for  a  given 
period.*  Both  these  methods  suppose  that  the  more  water  a  clay 
ref|uires  for  mixing  the  hi^ier  its  plasticity,  an  aammption  not  altogether 
correct. 

Another  method  awgBiwtfri  by  L*dd  *  eonsirts  in  havii^  two  small 
sheet-iron  troughs  with  peffooied  bcKtoms,  in  the  center  of  which 
are  set  te^-tube  brashes,  so  placed  that  the  ends  of  the  brtuhes  teach 


'  Die  ftiifilia  71m».  p.  M. 
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when  the  ends  of  the  troughs  are  in  contact.  The  dry  clay  is  sifie 
into  the  brushes  and  water  absorbed"  from  below  until  the  point 
saturation  is  reached.  The  pull  required  to  tear  the  column  of  cU; 
between  the  brushes  is  measurctl  by  placing  weights  on  a  sca1e-p« 
attached  to  one  of  the  troughs  until  the  two  separate. 

The  criticism  urged  against  this  method  is  that  it  gives  little  Infomn 
tion  regarding  the  plasticity,  but  measures  the  strength  of  the  rla 
through  different  degrees  of  saturation.' 

A  somewhat  detailed  investifjation  is  that  of  Zschokke.^    Accondi; 
to  him,  it  Ls  necessary,  in  testing  the  plasticity  of  a  clay,  to  consider  (l^i 
property  of  defnrmability;  (2)  its  degree  of  cohesion;  (3)  its  stickineas 
adhesiveness. 

The  degree  of  dcformability  was  first  tested  by  molding  the  thorough 
worked  clay  into  cylinders  60  mm.  high  and  30  mm.  in  diameter, 
subjecting  these  to  pressure  iipplied  iit  the  ends  until  cracks  uppeam 
but  this  was  found  lu  be  urwutisfartory,  as  some  lean  sandy  clays 
deformed  more  than  highly  plastic  ones. 

A  more  satisfaetorj'  method  consisted  in  placing  these  freshly 
cylinders  in  a  specially  designed   machine  and  pulling  them  in 
The  amount  of  expansion  showed  the  degree  of  deformability,  whil 
the  force  required  to  pull  the  cylinder  in  two  showed  the  tensile  strcngt 
The  product  of  the  two  Zschnkke  terms  the  plasticity  coefficient.     It  w 
found  that  higher  figures  were  obtained  by  stretching  the  bar  rapidlfi 
or  by  a  succession  of  short  rapid  strokes.    The  following  figures  illustrai 
these  points. 
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Coniincniiug  on  tlie  results  of  his  tests,  Zschokke  slates  that  in 
ven-  plastic  clays  there  appears  to  be  a  slight  amount  of  elasticity,  so 
that  it  is  necessar>'  to  distinguish  between  elastic  ancJ  permanent  changes 
af  form. 

The  reason  for  the  change  of  shape,  without  rupture  under  pressure, 
cf)nsidereci  to  be  as  follows: 

Given  two  moist  sand-grains  in  contact.     Hince  these  are  not  plastic 

Jies,  they  have  but  little  absorptive  power  for  water,  and  are  therefore 

by  but  a  thin  film  of  the  latter.     If  these  two  grains  are  sinwiy 

»wn  apart,  the  water  film  binding  tlieni  together  is  Boon  luptured. 

)n  the  other  hand  two  moist-flny  particles  will  be  surrounded  by  a 

thicker  layer  of  water  because  of  their  greater  attraction  for  it,  and 

*  these  .two  can  Ix;  separated  much  farther  without  rupturing  the  niaas. 
Now  the  cylinder  of  moist  clay  can  be  considered  as  being  composed 
of  a  great  number  of  chiy  particles  surrounded  by  water,  and  the  smaller 

■the  size,  and  greater  the  number  of  particles  of  clay  substance  in  the 
inass.  the  more  intimate  will  be  the  attraction  between  clay  and  water. 
^Vilh  an  increase  in  texture,  and  corresponding  decrease  in  water-content 
And  cohesion,  there  will  bo  a  depression  of  the  tensile  strength.  While 
ail  excess  of  water  may  depress  the  tensile  strength  of  the  soft  clay,  still 
very  plastic  clays,  although  showing  higher  cuhesiveness  than  lean  ones, 
have  a  higher  strength,  which  Zschokke  believes  indicates  that  there 
is  an  intimate  relation,  of  either  chemical  or  physical  character,  between 

E-  clay  substance  and  admixed  water. 
Grout,*  in  his  work  on  the  West  Virginia  clays,  arrived  at  conclusions 
[lewhat  similar  lo  those  of  Zschokke.^  He  considers  that  plasticity 
y  be  considered  as  involving  two  variable  factors,  viz.,  (1)  amount 
possible  6ow  before  rupiure,  and  (2)  resistance  to  flow  or  deformation. 
Plasticity,  he  says,  "increases  in  direct  proportion  to  each  of  these  fac- 
tors, and  is  therefore  equal  to  the  product." 

He  measured  the  plasticity  by  carefully  mixing  and  tempering 
the  clay,  and  then  forced  it  into  a  thin-walled  metal  cylinder  three 
fourths  inch  in  diameter.     A  plunger  forcc<l  the  clay  through  this  die, 

Ed  the  bar  of  clay  was  cut  into  two-inch  lengths. 
These  small  cylinders  were  placed  vertically  under  a  movable  plate 
d   pressure  applied,  the  amount  necessnn.'  t'»  compress  it  one  half 
ntimeter  being  taken  as  the  measure  of  resistaoce  to  flow  or  deforma- 
tion. 


>  W.  Va.  Ceol.  Surv.,  Ill,  p.  -10,  liKXJ. 
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The  cylinder  was  then  further  compressetJ  until  the  appearance 
of  cracks  at  atwrni  45  degrees  to  the  vertical  line,  and  this  was  eonsidered 
the  point  of  fracture.  Vertical  cracks,  due  to  teiisiuii  as  the  cyliiHler 
"expanded,  were  disregarded,  and  an  irregular  swelling  of  the  cylinder 
under  pressure  was  an  iudioation  that  the  mass  was  not  uniform."  The 
amount  of  ilow  was  measured  by  the  increase  in  area  of  the  head  of 
the  cylinder. 

The  resistance  to  flow  was  found  to  be  more  satisfactorily  meaaurwi 
by  use  of  a  \'icat  needle;  a  needle  of  seven  square  irnn.  (|  in.)  was  used, 
and  weii;ht  determined  wliich  was  necessary  lo  cause  the  needle  to  sink 
three  cenlimelers  in  J  min. 

Tests  of  dry  clay. — Of  the  dry  methods,  the  tensilc-stren^h  test 
is  the  best  known.  It  is  made  by  molding  the  wet  clay  into  briquettes, 
and  testing  the  tensile  strength  of  these  when  dry,  this  strength  being 
expressed  in  lb8.  per  sq,  in.  The  objection  to  this  method  is  the  assump- 
tion that  the  plasticity  of  a  clay  stands  in  direct  relation  to  its  tensile 
strength,  which  is  Incorrect. 

Bischof  1  suggested  using  a  set  of  mixtures  of  a  standard  clay  with 
var>'jng  amounts  of  sand.  Each  of  these  Ls  rubljod  with  the  fingers,  and 
the  amount  of  dust  that  can  be  rubbed  off  is  noted.  The  clay  lo 
tested  is  similarly  rubl^ed,  and  rat^^d  with  the  one  of  the  standard  series 
which  has  lost  a  similar  amount  by  rubbing.  The  method  is  crude  and 
inaccurate. 

Texture 

Definition. — By  the  texture  of  a  clay  is  meant  its  alue  of  gmin 
fineness,  and  since  this  exerts  an  important  influence  on  the  physical 
properties,  such  as  plasticity,  shrinkage,  porosity,  fusibility,  etc.,  it 
should  receive  more  than  passing  consideration.  Many  clays  contain  sand* 
grains  of  sufiicient  size  tn  be  visible  to  the  naked  eye,  but  the  majority 
of  clay  particles  arc  too  small  to  be  seen  without  the  aid  of  a  microsroi«, 
and  are  therefore  so  small  (hat  it  becomes  impossible  to  8epamt<?  them 
with  sieves.  In  testing  the  texture  of  a  clay,  it  is  perhaps  of  sufHcient 
importance  for  practical  purposes  to  determine  the  per  cent  of  anjr 
sample  that  will  pass  through  a  sieve  of  ICK)  or  150  meshes  to  the  inch, 
since,  in  the  preparation  of  clays  for  the  market  by  the  washing  process, 
they  are  not  required  to  pass  through  a  screen  any  finer  than  the  one 
above  mentioned. 

Mechanical  analysis. — If  it  is  desired  to  measure  the  size  of  all  the 
grains  found  in  the  clay,  some  more  delicate  method  of  separation  becomes 


*  Die  feuerfesten  Tbono,  p.  88. 


ncpessary,  and  in  order  to  do  this  it  is  essential  that  the  mass  of  rlay 
filiould  be  first  thoroughly  diaiutegmted  and  the  grains  separated  from 
each  other.  This  is  best  done  by  shaking  the  clay  for  a  long  time  in 
water.*  For  this  purpose  the  bottles  used  in  sterilizing  tnilk  for  infants 
are  very  convenient.  Twenty  grams  uf  clay  are  weigliwl  out  and  washed 
into  such  a  bottle  and  the  latter  about  half  filled  with  distilled  water. 
The  bottle  is  closed  with  a  rubber  stopper  and  put  into  a  shaking-machine. 
A  convenient  form  consists  of  a  box  with  conipartnients  for  holding 
four  tiers  of  bottles  lying  on  their  sidetj,  allowing  four  bottles  in  each 
compartment.  This  box  is  supported  by  chains,  attached  to  the  corners, 
hanging  from  brackets  above.  It  is  fastened  by  rubber  bands  to  the 
table  below,  to  steady  it,  and  a  guide-rod  is  fastened  to  the  bottom, 
which  works  between  two  uprights  to  give  a  true  lateral  motion  to  the 
box.  The  box  is  then  moved  rapidly  back  and  forth  by  a  crank,  ^^ith  a 
tlirow  of  about  o  inches,  at  a  rate  of  about  170  revolutions  per  minute. 
^This  gives  a  very  good  motion  to  the  liquids  in  the  bottles  and  keeps 
the  clay  constantly  agit-ated.  Motion  may  be  imparted  to  the  shaker 
ft  water-motor  or  other  suitable  power.  The  shaking  is  continued 
from  one  to  two  days,  according  to  the  nature  of  the  sample,  the 
heavier  clays  requiring  the  longer  time. 
^k  When  shaking  ia  stopped,  the  contents  of  the  bottles  are  washed 
"^Into  beakers,  and  the  sediment,  which  quickly  subsides,  is  examined 
with  the  microscope.  If  the  disintegration  is  not  complete,  a  small 
amount  of  pestling  with  the  rubber-tipped  pestle  will  finish  it.  Usually 
sandy  clays  are  very  thoroughly  disintegrated  after  being  shaken  a  day, 
while  clay  soils  frequently  require  pestling  after  having  been  shaken 
for  two  days. 

When  dean,  the  grains  shoulti  show  sharp  outlines  under  the  micro- 
scone,  l>eing  as  a  rule  quite  transparent.  Adhering  particles  make 
them  appear  rounded  and  more  or  less  deeply  colored  and  the  outlines 
indistinct.  When  pestling  alone  is  resortefl  to  for  the  disintegration  of 
the  material,  it  may  require  from  fifteen  minutes  to  an  hour  or  more, 
depending  upon  the  nature  of  the  sample. 
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Methods  of  Separation 

Beaker   method. — This  method  suggested  by  Whitney   is  simplepl 

but  somewhat  incouvetiicnt  on  account  of  the  large  amount  of  water] 
required.     Its  operation  is  as  Follows:  * 

"The  thoroughly  disintegrated  clay  is  transferred  to  a  3-inch  beakerj 
which  we  may  call  .?.  This  is  filled  with  water  and  thoroughly  tiiirml.( 
It  is  then  allowed  to  settle  until  all  solid  particles  larger  than  0.05  mnuJ 
have  subsided.  This  is  determined  by  taking  a  sample  of  the  uu-bidl 
liquid  from  near  the  bottom  of  the  beaker  by  lowering  a  smalt  tuber] 
with  the  top  closed  by  the  finger,  to  a  point  just  above  the  scdimcat,| 
then  removing  the  finger  for  an  instant  and  letting  the  liquid  enter  tt 
tube,  closing  the  tube  with  the  finger  again  and  withdrawing  the  sample^ 
A  drop  of  this  is  placed  upon  a  microscope  slide,  a  cover-glass  pla 
over  it,  and  the  particles  examined  by  a  good  microscope  containin 
an  eyepiece  niicntnictcr.  It  is  convenient  to  use  a  I-inch  eyepiece  and  a^ 
three-fourths  and  one-fifth  inch  ubjectivc, 

"When  the  particles  larger  than  0.06  have  subsided,  the  turbid 
liquid    is   carefully    decuittHl    into  a    larger   beaker,    .1/.     This   turbidl 
liquid  contains  silt,  fine  silt,  and  clay,  but  no  sand  if  the  ^pnraiion] 
has  Ijecn  pro[)erly  timed.     The  sediment  in  S  consists  of  sand,  containing 
still  some  silt,  fine  siir,  and  clay.     This  is  stirred  up  with  water  and] 
again  allowed  to  settle  until  nil  the  grains  of  sand  have  subsi<icd,  when 
the  turbid  litjuid  is  again  decanted  into  M.     Tliis  operation  is  contimictij 
until  au  cxiiininalioTi  of  the  sediment  in  B  shows  that  all  particles  smaller  j 
than  0.05  imn.  liave  beeu  removed.     The  contents  of  tliis  Ix-aker  B  ar&J 
then  washed  into  a  small  porcelain  dish  and  evaporated  to  drj'ness  onl 
the  water-l)ath.      When  dry  this  sand   may  be  gently  ignite<i  to  bum^ 
off  the  organic  matter,  and  when  cool  it  is  sifted  through  a  scries 
sieves  which  will  be  descrilxd  further  on. 

It  is  often  convenient  in  separrtting  the  silt,  fine  silt,  and  Hay  from"] 
the  sand  to  decant  before  the  last  portions  of  sand  have  settled.    This 
hastens  the  operation  of  separating  the  fine  and  the  coarse  material  J 
eaijecially  where  there  is  a  large  mass  of  sand  and  but  little  fine  materiid 
to  be  removed.     In  this  case,  the  turbid  liquid  whidi  is  decanted  is, 
put  into  a  separate  beaker,  and  the  sand  which  has  been  poured  ofT  is] 
recovered  by  a  further  decantation,  and  when  free  from  all  fine  material 
it  ia  added  to  the  sand  in  the  porcelain  dish  while  the  latter  is  evaporating  ' 
to  dryness.    The  turbid  liquid  in  the  breaker  M  is  thoroughly  stirred  j 
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and  allowed  to  settle  until  a  drop  taken  from  near  the  bottom  of  the 
the  beaker  contains  nci  solid  particles  larger  than  0.01  mm.,  equal  to 
two  spaccH  of  the  eyepie<:e  niicruriieier  using  the  ^-int-h  objective.  The 
tlirbid  liquid,  containing  only  fine  silt  und  clay  in  sus[>eusion,  is  then 
carefully  <iecanted  into  another  beaker,  P.  The  sct^iincnt  remaining 
in  A/  is  again  stirred  up  with  water  and  allowed  to  aftttle,  mid  decanted 
as  before.  This  operation  is  continued  until  all  particles  sniuller  than 
0-01  mm.  have  been  washed  out  of  the  setiinient  in  the  beaker.  Care 
must  be  taken  in  pouring  oft  the  turbid  liquid  that  none  of  the  silt  goes 
over,  or  if  it  dtjcs  it  must  be  recovered  and  arifled  to  that  in  beaker  M 
at  some  Ut^r  st4»ge  of  the  operation.  The  sediment  remaining  in  beaker 
M  should  contain  nothing  larger  than  0.05  nor  smaller  than  0.01,  if 
the  separation  has  lx*en  careJully  and  completely  made.  This  is 
washed  into  a  platinum  disli,  evaporated  to  dryness  on  the  water- 
bath,  ignited  at  a  low  red  heat,  cooled  in  a  desiccator,  and  finally 
weighed. 

"The  se4liment  in  beaker  P  containing  fine  silt  and  clay  is  stirretl 

up  with  water  and  allowed  to  settle  until  everything  larger  than  0.005 

mm.  lias  milisidod,  as  determined  by  a  microscopic  examination  as  l^fore. 

The  turbid  liquid,  containing  only  '  clay  '  or  material  finer  than  0.1)05 

mm.  equal  to  one  space  of  the  micrometer,  is  then  decanted  intfl  a  larger 

beaker.  C,  of  1  or  2  liters  capacity,  and  the  sediment  in  P  repeatedly 

.  washed  until  all  of  the  cUiy  liaa  been  removed.     When  this  has  been 

fcfecomplished.  the  sciUment  is  washed  into  a  platinum  di.sh,  evaporate 

To  dryness,  ignited,  and  weigheil. 

"  The  clay  wat*r  u.sually  amounts  to  a  numl>er  of  liters,  and  to  prevent 
it  accumulating  to  any  great  extent  it  is  the  practice  in  tliis  Division  to 
measure  it  in  a  liter  (lask  and  take  1(X)  cc.  from  each  liter  to  evaporate 
to  dryness.  The  remainder  of  the  clay  solution  is  thrown  away.  When 
the  liter  flask  is  full  to  the  mark  with  the  clay  solution,  care  must  be 
L_tokeD  lo  thoroughly  mix  it  bef()re  taking  out  the  tenth  part  to  be  cvapcj- 
Ijwted  to  dr\-nes8.  The  successive  U)0  cc.  of  clay  water  art*  poured  into 
a  beaker  and  evaporated  in  a  platinum  dish  as  rapidly  as  possible.  When 
this  clay  water  has  been  evaporated  lo  dryness,  the  sediment  Ls  ignited 
and  weighed  and  the  weight  multiplied  by  t«n  to  give  the  total  amount 
of  fine  material  in  the  original  siimplc. 

'*  In  the  course  of  the  anaiysis.  several  of  these  grades  may  be  separatxid 
at  once,  to  facilitate  the  operation,  by  the  use  of  aflditional  beakers. 
It  is  best  to  transfer  material  into  smaller  beakers  as  the  quantity  Incomes 
les.s  in  being  freed  from  the  finer  particles,  as  this  materially  hastens  the 
time  required  for  the  material  to  subside. 
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"  The  sanH  which  was  separateii  in  the  Iwiginningof  the  operationani 
dried  and  ignited  in  the  ponrelain  dbth  is  sifted  ihrough  u  series  «>{  »ie\ts 
of  the  foHowing  dimensions:  Three  round  brass  sieves  4  inchc- 
diamet^r  are  used,  which  fit  into  eacli  other  and  into  a  cup  at  the  tKiit.iii. 
The  top  sieve  has  circular  h<.flea  2  mm.  in  diameter,  the  second  has  similar 
holua  1  mm.  in  diameter,  and  the  third  huA  holes  0.5  nmi.  in  diatueter. 
These  gratles  are  sifted  in  a  very  short  time. 

"The  material  which  passes  throuj^h  the  lower  sieve  is  then  sifted 
tlirougli  two  grades  of  bolting-cloth — Nos.  5  and  13 — liaving  square 
holes  approximately  0.25  and  0.1  mm.  in  linear  dimensions.  This  siftias 
requires  quite  a  long  time*  on  account  of  Ihe  fineness  of  the  spaces  throu^ 
which  the  particles  have  to  pass.  It  can  conveniently  be  done  upoa 
the  shaker  which  is  used  for  the  disintegration  of  the  original  sample 
The  two  pieces  of  bolting-cloth  can  be  fitted  into  conveniently  arranged 
bra.ss  rings,  and  the  samples  should  be  shaken  for  an  hour  or  two  on  thil 
shaker. 

"  Each  of  these  grades  of  sand  are  weighed  without  previous  dr)*ing^ 
as  the  nmnunt  of  hygroscopic  moisture  is  itsnnlly  Inappreciable. 

"  The  operation  of  mechanical  analysis  is  frequently  made  tediotq 
and  sometimes  impossible  by  flofculation.  If  any  tendency  to  this  ia 
discovered,  vigorous  stirnii^  should  be  resorted  to,  and  this  can  best 
be  done  with  one  of  the  improved  forms  of  egg-beaters  found  in  the 
market.  A  small  trace  of  ammonia  nliKi  assists  in  overcoming  thil 
tendency  to  flocculalion,  but  it  should  be  added  ver^-  cautiously,  as  an 
excess  of  ammonia  will  cause  many  soils  to  flocculate.  If  the  sediment! 
are  left  standing  for  a  length  of  time,  flocculation  ia  liable  to  occur,  and 
it  is  very  imj>ortaiit  that  the  work  should  be  pushed  along  as  rapidi]' 
as  possible.  The  operator  will  fmd  by  experience  that  while  wailinj 
for  one  sediment  to  subside  he  may  be  decanting  into  extra  beaken; 
which  in  time  may  be  a<lde<l  to  the  proper  beaker. 

"The  water  u.sed  in  the  mechanical  analysis  should  bedistilted.il 
possible,  but  clear  river,  well,  or  hydrant  water  may  be  used.  In  cast 
distilled  water  is  not  available,  the  solid  matter  in  suspension  or  ii 
eolution  in  the  water  used  should  be  determined  by  evaporating  500  co 
of  the  water  to  dryness,  and  igniting  and  weighing  the  residue.  AUowanci 
should  then  be  muilc  fur  this  residue  in  the  clay  determination. 

"Eight  or  tea  samples  can  be  started  at  <mccand  can  be  pushed  througl 
about  as  readily  as  &  single  sample.  It  is  not  advisable,  however,  tc 
attempt  to  carry  on  more  than  this  number,  Iwcause  the  proper  attention 
cannot  Xte.  given  to  the  beakeii*.  A  fresh  set  of  sampleJ^  may  bo  .started 
<in  the  shaker,  however,  a  day  or  two  before  the  last  set  is  fin 
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^t  requires  from  six  to  ten  days  to  complete  the  analyses  of  a  set  of 
amples.  if  close  attention  is  given  to  the  deoantations. '* 

Schoeoe  method. — A    second    method   consists   in   separating   ihe 

ebblee  and  coarse-sand  particles  cut  of  the  disintegrated  clay  by  means 

sieves,  and  then  placing  the  finer  portion  in  a  tube  where  it  is  exposed 

an    upward    current    of    water.  ^         _  *^_  '    ft,3 

Since   ihe   carrying   power   of   the 

current  will  increase  with  its  velnp- 

tity.  a  current  of  water  rising  very 
slowly  in  the  tube  will  carry  off 
bnly  the  finest  particles,  while  the 
neuvier  ones  remain  hehind.  If 
the  velocity  of  the  current  be  kept 
at  this  speed,  it  will  linally  become 
clear  when  all  the  finest  particles 
are  carried  off. 

A  form  of  apparatus  used  for 
^■ihis  purpose  is  the  Schoene  ehitriator 
Hehowu  in  Fig.  20. 

The  apparatus  consists  of  the 
separating  funnel  A,  which  at  the 
Iwittom  ends  is  a  bent  tube,  and  is 
connected  at  the  top  with  a  narrow 
tulje  I  meter  long.  Thi.s  latter  is 
Z-shaped  and  has  an  opening  at 
L,  1 .5  mm.  in  diameter.  The  grains 
of  the  clay  to  be  separated  are  first 
disintegrated  by  boiling  and  then 
placed  in  the  funnel  ,1.  Water  is 
I  then  nm  in  from  the  reservoir  D 
ind   the  supply   rcpjlated   by   the 

stopcock  E,  so  that  there  is  alway.s  a  definite  velocity  in  the  funnel  A. 

Tlie  rftpi(!ity  of  flow  depends  on  the  amount  of  water  entering  the  funnel 

per  sec<ind.     Knowing  the  amount  of  water  utid  the  cross-«e<"tinn  of 

^^i,  the  velocity  is  equal  to  tiie  quantity  divided  hy  the  cros.«:-section. 

"The  quantity  is  measured  by  allowing  it  to  nm  into  a  measuring- vessel 

for  a  definite  length  of  time,  care  being  taken  that  the  level  of  flie  water 

in  k  remains  conKtant.     In  this  way  the  How  per  secontj  can  be  calculated. 

The  velocity  of  the  flow  can  be  told  by  the  height  to  which  the  water 

backs  up  in  the  tuln;  k.     This  has  to  be  determinetl  in  calibrating  the 

instrument. 
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Via.  '20. — SvhotTif  M  ii|»puniliiH  for  tne- 
chanioal  ftimlvHi't  of  rlav. 
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To  every  velocity  there  corresponds  a  size  of  grain  determined  b] 
calculations,  and  five  sizes  are  made,  as  follows; 

1.  Clay  substance,  including  particles  removed  by  a  flow  of  0.18  mm 
per  second.     Maximum  diameter  0-01  mm. 

2.  Silt,  including  gruias  removed  by  a  flow  of  0.70  mm.  per  seconii 
Maximum  diameter  0.025. 

3.  Du.st-sand,  including  particles  removed  by  a  flow  of  1.5  mm.  pt 
second.     Maximum  size  0.04  mm. 

4.  Residue  remaining  in  funnel,  called  fine  sand.     Diameter  0.04  t 
0.2  mm. 

6.  Coarse  sand,  everj'thing  larger  than  0.2  mm. 

This  form  of  apparatus  is  much  used  in  Germany,  and  but  lit' 
ID  the  United  States.     An  objection  which  has  been  urged  against  it 
that,  on  account  of  the  funnel-sliaped  character  of  the  vessel  A,  count«|i 
currents  are  set  up,  which  interfere  with  accujate  results. 


Tia.  21. — Hilgard's  apparatus  for  in.iking  mechanical  analyses. 

HUgard*s  elutriator. — E.  W.  Hilj^atxl  devised  the  form  of  apparaiusi 
shown  in  Fig.  21   for  overcoming   the  defects  of  Schoene's  scparalor.r 
It  is  known  as  Hilgard's  Churn  Elutriator.     It  consists  of  an  uprigbtl 
glass  cylinder,  300  mm.  in  height  and  45  mm.  in  diameter;  this  cylinder 
is  united  at  its  lower  end  to  a  bras.s  cup-shaped  funnel,  crossed  by 
horizontal  axis  furnished  with  four  wings;  this  churn  is  separated  fron 
the  cylinder  by  a  wire  screen  with  meshes  0.8  mm.  in  diameter.    Th 
churn  is  worked  by  any  convenient  motor-power;  about  500  revolution 
per  minute  is  the  speed  required  when  separating  the  two  finest  group 
of  particles,  but  for  the  other  separations  a  smaller  velocity  will  suflic 
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The  lower  end  of  the  brass  funnel  is  fixed  inio  a  conical  test-glass,  which 
is  in  connection  with  the  water-supply.  Tlie  water  is  supplied  from  a 
reservoir  innmtained  at  a  constant  level.  The  lever  opening  the  water- 
tap  moves  over  a  graduated  arc,  on  whicli  arc  marked  the  positions  of 
the  lever  which  yield  supplies  of  water,  giving  the  rc<iuired  velocities  in 
the  glass  cylinder. 

The  apparatus  being  half  filled  with  water  and  tlie  churn  in  motion, 
the  sediment  is  introduced,  and  the  water-current  adjusted  to  the  low- 
ICBt  velocity,  0.25  mm,  per  secnnd;  this  current  is  continued  till  the 
'water  ceases  to  remove  any  more  mutter.  The  operation  requires 
many  hours  for  its  completion.  The  object  of  the  churn  is  to  break 
up  the  aggregations  of  fine  particles  which  arc  very  apt  to  form.  Should 
any  be  seen  an  the  sides  of  the  c}iiiider,  the  apparatus  must  be  sU*ppcd, 
and  the  flocks  detached  with  a  feather.  Tlie  water  leaving  the  cylinder 
is  conducted  by  a  tube  nearly  to  tlie  bottom  of  a  tall,  wide  vesst-l,  from 
the  top  of  which  the  water  runs  to  waste.  The  receiving  vessel  being 
much  wider  than  the  separating  cylinder,  the  upward  current  of  water 
in  it  Is  too  slow  for  any  of  tlie  solid  matter  carrietl  into  it  to  escape. 

When  no  more  particles  are  removed  by  the  current  moving  0.25  mm. 
per  second,  the  regulator  la  changed,  and  the  velocity  of  the  current 
increaseii  to  0.5  mm.  per  second.  When  the  second  group  of  pari  levies 
has  been  in  this  way  removed,  the  velocity  of  the  current  is  again  doubled, 
and  this  mode  of  proceeding  is  continued  till  the  last  Beparation,  with 
a  velocity  of  64  mm,  per  second,  is  completed.  With  velocities  above 
4  mm.  per  second,  the  churn  may  be  dispensed  with.  The  work  gets 
more  rapid  as  the  higher  velocities  are  reached.  When  the  apparatus 
is  in  action  day  and  night,  the  gepjirat ions  will  be  conipletefl  in  three 
or  four  days.    Soft,  filtered  water  should  be  used  in  all  the  operations. 

A  moat  serious  objection  to  the  three  methods  just  described  is  the 
time  required  for  making  an  analysis,  and  the  quantity  of  water  con- 
sumed. 

Centrifugal  separator. — The  most  satisfactory  method  is  that  known 
as  the  centrifugal  method,  The  apparatus  (Fig.  22)  used  consists 
of  a  fan-motor  *  placed  with  the  armature  shaft  in  a  vertical  position. 
This  carries  a  framework  with  eight  test-tube  holders,  tninnioned 
so  that  they  can  swing  outward  and  upwards  as  the  frame  revolves- 

The  disintegrated  .sample  in  suspension  in  water  is  placed  In  these 
tubes,  and  twirled  at  a  high  speed  for  several  minutes.  As  a  result 
of  this,  all  particles  except  the  finest  day  graias  arc  thrown  to  the  bot- 

'  Kor  complete  deKcription,  bm  BuiloUn  No.  Hi,  Bureau  of  tioUa,  Dept.  u(  Agn- 
euJture,  WaAhingtoQ,  1^00. 
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torn  of  the  tube  bj'  centrifugiil  force.  These  are  decanted  off,  the  tubei 
refilled  with  water,  and  the  sediment  again  stirred  up.  A  second  twirling 
of  the  tubes,  either  at  a  lower  speed  or  for  u  shorter  periiKl,  precipitates 
everything  except  the  fine  silt,  wliicli  is  then  also  decanted  off.  ThI 
eubaequent  sizes  are  then  separated  from  each  other  partly  by  settling 
and  partly  by  sieves. 


Fig.  22. — Cetitrifugal  separator  for  mechanical  anjilyaus.    (Photo  loaned  by 

Bureau  of  Soils) 

Tlip  different  sizes  wliinh  can  be  so  separated  and  their  dinKMisinns 
are  shown  in  the  table  below: 

Taklk  9Mowi.\-t!  SiXK  c>'  Gr.mns  ov  Sand,  Sri.T,  ANH  Ci.Ar 

Sin  of  dUmeters. 
CoovsDtional  name.  loebu.  MilliineUn. 

1.  Gravel 1/12  -1/25  2-1 

2.  Coaree  aaiid 1/25-1/50  1-05 

3.  Medium  sand 1/50-1/100  0  5-0.25 

4.  Fine  sand 1/100-1/250  0.25-0.1 

5.  Very  fine  «iml 1/250-1 /SOO  0   1-0  OS 

6.  Silt 1/50O-1/2S00  005-001 

7.  Fine  silt 1/2800-1/5000  0.10-0  005 

8.  Clay 1/500(^1/25000  0.005-0  001 

If  a  raw  clay  is  cxaminwl  under  the  microscope,  it  is  usually 
to  be  composed  of  a  imniber  of  different-sized  grains.    These  may  s 


» 


TlO.  23. — Drairin^  showing  particles  or  u  Cape  May  clay,  enlarged  362  dianictcra. 
(After  Ilies,  N.  J.  Gtjol.  Surv.,  Fin.  Rcpt.,  VI,  p.  1Q9,  1004.) 

leas  variation  in  the  size  of  the  grains  (Fig.  24),  the  grains  in  the  latter 
being  bunched  together  more  than  in  the  former.  Fig.  25  represents 
several  grains  of  sand  from  a  sample  of  Clay  Marl  I,  which  have  been 
separated  by  the  mechanical  analysis  and  enlarged  115  diameters; 
they  consist  of  quartz  (Q),  mica  (M),  feldspar  (F),  and  lignite  (L), 
the   cloudiness  of   the  feldspar  being  due  to  partial   kaoUnizatlon. 

Relation  between  composition  and  texture. — Few  analyses  have 
been  published  showing  the  chemical  composition  of  the  differentnsized 
grains  in  a  clay. 

Recently  Grimsley  and  Grout  have  analyzed  the  mechanical  sepa- 
rations of  16  samples  of  clay  with  the  following  results:  * 


^W.  Va.  Geol.,  HI,  p.  61,  1906. 
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Fia.  '24. — Drawing  o(  the  Altonay,  X.  J.,  c]iiy,  enlarged  3fl'2  dinmotera.    (After  I 
N.  J.  Oeol.  Surv.,  Fin.  Kept..  VI,  p.  110,  ISKM.) 

As  might  be  expected,  these  analyses  show  a  higher  percentage 
silica  in  the  coarser  grains,  still  tlic  increase  is  not  a  steady  oue, ! 
none  of  the  other  ingredients  show  either  uii  increase  or  decrease  fr 


Fio.  25. — Drawing  of  sand-Krains  in  a  New  Jersey  clay  marl,  enlAi^ed  116  diam- 
—       eiers.     M,  mica;  V.  i\\iartz;  F.  IVld-ipor;   L.  liguite.      (After  Rie«,  N.  J.  GeoL 
Surv.  Fin.  Rept.,  VI,p.  Ill,  ISfM  ) 


3e.—Pmm'ng  showing  bunches   of   kaolinite  (*)  pUUra  in  a  Wl\-<^*.N  \i 
&^r  hla..  enlarged  36J  diameters.     (After  Uies.  Md.  OeuV.  Sutv..\n  ^ 
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coarse  to  fine.  The  maxima  are  in  each  case  underscored.  The  appre- 
ciable titanhini  percentage  in  even  the  coarser  grains  is  of  interest, 
although  it  is  not  known  in  what  form  the  titanium  occurs  therein. 

Tensile  Strength 

Definition. — ^The  tensile  strength  uf  u  clay  is  the  resistance  which 
it  offers  to  rupture  or  being  pulled  apart  when  air-tlried. 

Practical  bearing. — The  tensile  strengtli  is  an  important  property, 
and  has  a  priictLi:^!  bcariug  on  problems  connected  with  the  handling 
molding,  and  drying  of  the  ware,  since  a  high  strength  enables  the  clay 
to  withstand  the  shocks  and  strains  of  handling.  Through  it,  also, 
the  clay  Ls  able  to  carrj'  a  large  quantity  of  non-plastic  material,  such  as 
flint  or  feldspar,  ground  bricks,  etf;. 

Relation  to  plasticity. — Although  it  was  formerly  believed  by  many 
that  tensile  strength  and  plasticity  were  closely  related,  this  view  i» 
no  longer  generally  accepted.  High  tensile  strength  and  high  plas- 
ticity often  go  together,  but  a  clay  low  in  tensile  strength  may  haw 
higli  plasticity  and  vice  versa. 

Measurement  of  tensile  strength- — The  tensile  strength  is  measuied 
by  molding  the  thoroughly  kneaded  clay  into  briquettes,  of  the  fonn 

and  dimensions  shown  in  Fig.  27,  and, 
when  thoRiughly  air-dried,  pulling  them 
apart  in  a  suitable  testing-machine.  The 
cross-section  of  the  briquettes  whea  - 
molded  is  1  square  inch,  and,  after  being  1 
formed,  they  are  allowed  to  drj*  Bret 
in  the  air  and  then  in  a  hoi-air  bath 
at  a  temperature  of  100*' C.  (212*' F.). 
When  thus  thoroughly  dried  the  briqtiette 
is  placed  in  a  machine,  in  which  its  two 
ends  are  held  in  a  pair  of  brass  clips,  and 
is  subjected  to  an  increasing  tension  until 
it  breaks  into  two.  The  type  of  machine 
used  is  of  either  type  shown  in  Figs.  28 
:inj  29.  Tlieoretically  the  briquette 
should  break  at  its  smallest  cross-eec- 
tion  with  a  smooth,  straight  fracture, 
and  when  this  does  not  occur  it  is  due 
Via.  'li.—OutVmc  and  dimensions  either  t.o  a  flaw  in  tlie  briquette  or  because 
of  a  briquette  for  testing  the  ^jj^  ^Upg  ^^^j  ^o  cut  into  the  day.  lu 
tensile  strength  of  a  cUy.  ^^^j^  ^^.^^^^^  ^^^  briquette  breaks  across 
one  end,  and  to  prevent  this  it  is  necessarj'  to  put  some  soft  material. 


» 


Flo,  28. — RiehlS  tensile-fit  rength  machine. 

Great  care  has  to  be  exercised  in  filling  tlie  briquette  molds,  in  order 
to  prevent  flaws  in  the  piece,  and  the  best  method  consists  in  nutting 
a  lunnp  of  the  tempered  clay  of  ai)proximately  the  shape  and  size  of 
the  mold,  and  then  pounding  it  in  fnim  botli  sides  with  the  hands, 

Wheeler*  ad^-ocates  filling  the  mold  by  pressing  in  separate  small 
pieces  of  wet  clay  with  the  fingers,  the  object  of  this  ]»ing  to  avoid 
air-bubbles  and  prevent  laminations  in  the  briquette;  but  some  have 
obected  to  this,  on  the  ground  that  it  is  difficult  to  make  the  separate 
pieces  of  clay  amalgamate. 

Since  the  briquettes  of  any  one  clay  will  always  show  more  or  less 
variation,  at  least  10  or  12  should  be  tested  in  order  to  get  a  fair  avei^ 
ago.  The  author's  experience  has  shown  that  the  greatest  variation 
\isually  appears  in  clays  of  Wgh  tensile  strength,  in  which  the  fracture 
ly  always  occurred  in  the  head,  indicating  that  the  briquettes  brnko 
•fore  the  limit  of  their  strength  was  reached.    The  tensile  strength 

clav  briquettes  is  expressed  in  pounds  per  square  inch;  but,  sirce 

1  Mo.  Oeol  Surv.,  Vol.  XI,  p.  111. 
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the  briquette  Khrinks  in  drj'ing,  tJic  strength  actually  obtained  in  test 
ing  will  Ije  less  than  th:tt  for  n  square  ineh,  ami  the  result  must  bj 
increased  in  proportion  to  the  amount  the  brick  has  shninlc 


,j^-i — -' 
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Fig.  29. — Fftirbankfi  tonBilc-strength  machine.  A',  clips  for  holding  brkiuette; 
P,  screw  fur  npplying  strain  to  balance-lever  C;  F,  bucket  to  bold  iM 
fed  in  through  /  from  the  hopper  K\  J,  autoniatic  cut-off. 

Claya  vary  widely  in  their  tensile  strength,  ranging  from  but  a  h 
pounds  up  tf)  over  400,  and  even  in  clays  of  the  same  class  a  wide  vari- 
ation is  not  uncommon,  as  the  following  approximate  figures  will  shoir: 


ICaoIins 

I'ire-clays. . , . 
Brick-clays.. . 
Potterj'-clays. 


Minimum.  Kkximom. 

20  CO 

0  (Flint-clays)  150 
50  300 

£0  250 


Wheeler^  in  testing  135  Missouri  clays  found  that  their  tensile 
strength  ranged  from  an  avemge  of  S  Ui  380  lbs.  per  square  inch,  tlis- 
tributed  among  the  several  kinds  as  follows: 

Kind. 

FHiit-rlays. 

Kaolins 

Fire-clays  and  pottery-clayR 

Sh^iles 

Gumbo 

fx>e!<P 


Ttann. 

Ay*nm 

8  to    50 

20 

12  to    20 

20 

50  to  284 

IdO 

87  to  192 

120 

275  to  410 

340 

97  to  3M 

im 

'  Mo.  Geol.  Siirv,,  XI.  p.  111. 
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ever  and  Williams  '  give  a  runge  of  from  46  to  319  lbs.  per  square 
h  for  the  Iowa  clays. 

The  range  in  strength  determined  by  the  writer  for  the  Texas  flays 
8  as  follows: 

Fire  clays -16  to  277 

Stoneware  clays. 6fl  to  320 

CalcareouK  days 119  to  36B 

Sandy  brii-k  clays 77  to  455 

Scrni-refraclory  brick  cl^>"s 161  to  329 

Red-  or  brown-burning  brick  clays 7-1  to  487 

jle  in  the  New  Jersey  clays  ^  the  cxtremee  were  20  and  453  lbs.  per 
iarc  inch. 

When  any  series  of  cinys  is  tested ,  it  is  found  that  both  the  very  Bandy 
es  and  ver}*  fine-grained  ones  often  have  a  low  tensile  strength,  although 
a«  are  marke<t  exceptions  to  both  these  cases. 

Cause  of  tensile  strength. — In  order  to  get  satisfactory  and  reliable 
mils,  great  care  is  necessary  in  molding  and  dn'ing  the  briquettes,  it 
ing  claimed  by  some  that  fine-gniincd  clays  will  show  an  abnormally 
If  strength  unless  dric<l  very-  slowly. 

Experiments  by  Orton  ^  seem  to  bear  out  tliis  fact.  Five  series  of 
*  same  clay  were  tested  by  hijii  as  follows: 


Svlw. 


Rate  at  drying. 


r 


1 Quickest,  severest  dnring. 

2 Somewhut  slower. ... 

a Still  .ilower 

4 .  . .  -  ■  •  Very  slow  indeed. 

5. .   . .  .Artificial  conditions 


i«twll«  nrviigth. 

ttM.  per  >tq.  ta. 

182.49 
178.17 
178.13 
204.30 
205.63 


le  fifth  series  was  placed  in  a  tightly  closed  jar  with  calcium  chloride. 
With  such  a  variation  existing  in  the  (ensile  strength  of  clays,  it 
comes  a  matter  of  importance  to  know  the  cause  of  this  variation. 
is  a  well-known  fact  that  all  clays  shrink  in  drying,  and  that  tliis 
rinkage  is  accompanied  by  a  drawing  together  of  the  particles.  Indeed, 
me  clays  shrink  to  such  a  hard  mass  aa  to  .suggest  a  close  interlocking 
the  grains,  which,  it  seems  to  the  writer,  may  be  the  explanation  of 
e  tensile  strength  shown;  that  is  to  say,  those  clays  in  which  the  inter- 


'  la.  Geol.  Surv.,  XIV,  p.  8;i,  1904. 

'  N.  J.  Gwl  Surv.,  Final  Report,  Vol.  VI,  p.  85,  1904. 

"Trans,  Amer.  Cer.  Soc,  VoL  III,  p.  202, 1901. 
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locking  of  the  particles  is  the  tightest  will  show  the  highest  tensile  stret^tn 
and  vice  versa.  If  tliis  is  true  it  becomes  necessary  to  fletermine, 
possible,  what  arrangement  or  size  of  parlirles  prrxiuces  the  tightest  am 
strongest  structure. 

E.  Orton,  Jr.,^  attempted  to  determine  the  effect  of  the  fineness  of  grain 
on  the  tenaile  strength  of  clays  by  taking  a  very  fine-grained  clay  an 
mixing  different  sizes  of  sands  with  it,  the  sand  being  obtained  by  grinding 
and  screening  vitrified  bricks.  His  conclusions  were  "(1)  that  the 
tensile  strength  of  mixtures  of  a  plastic  ball-clay  with  equal  quantities  at 
non-plastic  sands  will  vary  inversely  with  the  diameter  of  the  grains  of 


fO 


OliiuMtvr  uC  KTolim  hx  t^nus  at  tbt;  UutmU      LaiBeal  etw  -100 


Fig.  30. — Curve  shoMnfi;  relation  l>etwe«n  linene(»of  grain  of  non-pluctio  materul 

and  tensile  strength  »(  clay  ruixtijrp.s.   (After  Orron,  Tr-uiH.  Amcr.  Cer.  Soc.,  HL) 

the  sand  from  grains  of  0.()4  inch  down  to  the  6ncst  sizes  obtainable. 
(2)  That  the  non-plastic  ingredients  of  clay  influence  its  tensile  strength 
inversely  as  the  diameter  of  their  grains,  and  fine-grained  clays  will, 
other  things  being  equal,  possess  the  greatest  tensile  strength."  In 
other  words,  the  coarser  the  grains  of  sand  the  less  the  tensile  strength 
of  the  mixture  containing  tlieui. 

The  results  of  tliese  tests  are  s}iown  graphically  in  Fig.  30. 


Transactions  American  Ceramic  Society,  Vol.  II,  p.  100,  and  Vol.  Ill,  p.  IBS. 
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A  series  of  tests  on  natural  mixtures  of  varying  texture  were  under- 
taken by  the  writer  in  connection  with  a  study  of  the  New  Jersey  claya,^ 
Pive  samples  were  selected  at  random  as  follows: 

1.  A  very  plastic,  slightly  gritty,  dense,  red-burning  clay  from 
the  Alloway  formation,  with  an  average  tensile  strength  of  453  pounds 
per  square  inch. 

2.  A  ricistocene  clay  of  gritty,  plastic  character,  but  not  as  dense  as 
the  previous  one.  Its  average  tensile  strength  was  297  pounds  per 
square  inch. 

3.  A  gritty,  plastic  clay  from  the  Cape  May  formation,  with  an  aver- 
age tensile  strength  of  2S9  pounds  per  square  inch. 

4.  A  Raritan  clay  of  black  color  and  sandy,  micac(HJUs  character, 
with  an  average  tensile  strength  of  105  pounds  per  square  inch. 

5.  A  soft,  powdery,  washed  ball  clay  from  the  Raritan.  It  was 
plastic  to  the  feel,  with  verj*  little  grit,  and  a  tensile  strength  of  under 
20  pounds  per  square  inch. 

The  percentage  of  the  sizes  in  each  of  the  5  samples  is  shown  in  the 
following  table: 


MerHAmcAL  Ahaltses  or  bomk  Nkw  Jkiisrt  Ci«iTS 


Cfinvamional  amiatm. 


Oay  substance. . . 

Fine  silt 

Sill  &nd  fine  sand . 

Medium  sand 

Sand 


r 


L»b.  No. 
680. 


59.00% 

11. oo 

J4.70 

3.50 

11  40 


99.60 


Lab.  No. 
060. 


44,00% 
7  11 

•24.35 
7.80 

lfi.3.^ 


<)9  01 


III. 

Ub.  No. 
645. 


22.00*7, 
5.(i6 
26-55 
n   4.1 
.TV  4  4 


90.10 


IV 

Ub.  No. 
6tS. 


30.645^; 

14.21 
5.S85 
fi.400 

42  9ro 


9g.790 


V. 

Ub.  Nd. 
733. 

87.96% 
6  95 
3  00 
1  00 


OS. 01 


These  figures  seem  to  throw  some  light  on  the  relation  of  the  texture 
to  the  tensile  strength,  but,  while  highly  suggestive,  are  not  to  be  taken 
as  final.  The  results  of  these  tests  are  also  shown  graphically  in  the 
table  (Fig.  31),  in  which  the  horizontal  lines  represent  percentages.  Of 
the  6  colunms,  the  first  5  represent  the  grain  sizes  and  the  sixth  the 
tensile  strength. 

Taking  No.  5  of  the  above  table  of  analyses  we  find  that  it  contains 
87.96  per  cent  of  clay  substance.  This  point  w  plotted  in  the  first  column. 
The  point  representing  the  percentage  of  fine  silt  is  then  plotted  in  the 
next  column,  and  so  on  with  the  other  sizes.    These  points  are  then 


t  N.  J.  Geol.  Sun-.,  Final  Report,  VoL  VI,  p.  87. 19W. 
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under  S) 


PiQ,  3X, — Curves  showing  relation    of  texture  lo  ten«te  strength.     (After  Rklf 
S.  J.  Geol.  Surv.,  Fin.  Ilept.,  VI,  p.  80,  1004.) 

lowest  tensile  strength  (No.  5)  contains  a  very  hi^h  porcentuge  of  tbi 
finest  clay  particles,  furthermore,  the  clay  having  the  second  lowea 
tensile  strength  (No.  4)  contains  the  largest  pereentage  of  sand  (42.9 
per  cent).     From  this  it  nppeurs  that  tin  exciess  of  cilhor  coarse  or  fine 
grains  lowers  the  tensilp  strenglli.     On  the  other  hand,  in  those  clays 
having  tlie  highest  tensile  .strength  the  percentages  of  fine,  medium,      * 
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coarse  particles  are  more  nearly  equal.  This  is  perhaps  what  might 
be  expected,  for  if  the  tensile  strengtii  is  due  to  the  interlocking  of  the 
grains,  a  mixture  of  different  sizes  would  fit  together  more  closely  than 
particles  of  one  size  predominated,  as  in  Son.  4  and  5  of  the  table. 
U  is  rather  difficult,  however,  to  compare  these  results  with  Orton'a, 
ia  in  his  artificial  mixtures  the  non-plastic  particles  were  of  uniform  size, 
[while  in  the  natural  mixtures  a  variety  of  sizes  existed. 

Beyer  and  Williams  *  reached  somewhat  similar  conclusions  at  about 
Tthe  same  time,  their  work  uu  the  mechanical  analyses  of  the  lopJttKilays 
ndicating  that  the  clays  showing  the  liighest  tensile  strength  were  the 
in  which  there  was  the  most  evenly  proportioned  amounts  of  the 
'sizes  #)f  the  grains  represented,  therefore  tluise  possessing  a  large  propor- 
tion of  excessively  fine  particles  or  those  running  high  in  some  inter- 
mediate size  of  grain  are  weaker.     The  following  mechanical  analyse 
made  bv  them  indicate  this: 


I 


M-ECHANICAI,   As-At.YBF-e    fvP   loWA    IXJESS    Cl-.\Y» 


Cbky. 


Be&ley,  Council  Bluffs, 

top  clay 

Gcthinaii,  GUdbrook  , 

Besley,  Council  Blurts, 

bottom  fbiy 


If  the  theory  of  interlockment  is  true,  then  it  should  be  possible  to 
make  a  mixture  of  two  clays  whose  tensile  strength  Is  higher  than  that 
of  either  of  the  clays  alone  or  vice  versa. 

The  writer^  has  notefl  a  case  of  two  clays  from  near  Aabury  Park, 
N.  J.  One  of  these  was  a  slightly  gritty,  black  clay,  with  an  average 
tensile  strength  of  1S2  lbs.  per  square  inch.  The  other  was  a  plastic 
loam,  whose  average  tensile  strength  was  137  lbs.  per  sq.  in.  A  mixture 
of  the  two  iu  equal  proportions,  however,  had  an  average  tensile  strength 
of  25S  Wm.  jier  sq.  in. 

Another  clay  fnim  a  different  formation  had  an  average  tensile  strength 
of  108  lbs.  per  sq.  in.,  while  a  mixture  of  equal  parts  of  this  clay  and  a 


» la.  Cfeol.  Surv.,  Vol.  XIV,  p.  102,  19(M. 

>  N.  J.  Geol.  Surv.,  Final  Report,  Vol.  VI,  p.  90,  IStM. 
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somewhat  coarse  sand  had  a  tensile  strength  of  but  65  Ibfi.  per  sq. 
the  decrease  being  evidently  due  to  the  excess  of  sand. 

Shriokage 

All  clays  shrink  in  dr^'ing  and  burning,  the  fonner  loss  being  ternw 
the  air-slirinkage  and  the  latter  the  fire-shrinkage. 

Air-shrinkage. — In  a  clay  which  is  perfectly  dry  all  the  grains 
in  contact,  hut  between  them  there  will  be  a  variable  amount  of  pofl 
space  depending  on  the  texture  of  the  clay.  The  volume  of  this  pen 
space  is  indicated  somewhat  by  the  quantity  of  water  that  will 
absorbed  w-ithout  the  clay  changing  its  volume,  this  water  filling 
the  space  between  the  grains.     It  may  be  termed  pore  water. 

The  presence  of  more  water  than  is  required  to  fill  the  spaces  betw 
the  grains  protiuccs  a  swelling  of  the  mass,  and  in  this  condition  eae 
grain  is  regardetl  as  being  surrounded  by  a  film  of  water;  but  while  t 
grains  still  mutually  attract  each  other  the  attraction  is  less  than 
the  dry  clay,  and  the  mass  yields  readily  to  pressure.  An  excess,  bo' 
ever,  separates  the  clay  particles  to  such  an  extent  that  the  clay  softd 
and  runs.  A  clay  will  therefore  continue  to  swell  as  water  is  adde 
to  it,  until  the  amount  becomes  too  great  to  permit  it  to  retain 
shape. 

Some  clays  absorb  very  little  water,  while  others  take  up  a  large 
quantity,  and  C.  P.  Merrill*  mentions  one  from  Wyoming  which  when 
placed  in  a  measuring- flask  absorbed  and  retained  sufficient  water  to 
increase  its  bulk  eightfold. 

When  a  clay  has  been  mixed  with  water  and  set  aside  to  drj'  era] 
oration  of  the  moisture  commences  and  the  particles  of  clay  draw  ci 
together,  causing  a  shrinkage  of  the  mass.  This  will  continue  until 
all  the  particles  come  in  contact,  but  since  they  do  not  fit  together 
perfectly  there  wilt  still  be  .some  pore-spaces-  left  between  the  grains, 
and  these  will  hold  moLsture  which  cannot  be  driven  off  except  bJ 
heating  at  100°  C.  The  air-shrinkage  may  therefore  cease  before  all 
the  water  has  passed  off. 

The  amount  of  air-shrinkage  is  usually  low  in  sandy  clays,  at  ti 
being  under  1  per  cent  in  coarsely  sandy  ones,  while  it  is  high  in  v 
plastic  clays  or  in  some  very  fine-grained  ones,  reaching  at  times 
much  as  12  or  15  per  cent.    Five  or  six  per  cent  is  about  the  a 
seen  in  the  manufacture  of  clay  products. 

'  The  Non-metatlic  Minerals,  p.  233. 
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All  clays  requiring  u  higli  |)ercentuge  of  water  in  mixing  do  not 
bow  li  high  air-slirinkage.  The  air-shrinkage  of  a  clay  will  not  only 
vary  with  the  amount  of  water  added,  but  also  with  the  texture  of 
ibe  materials. 

Sand  or  materials  of  a  sandy  nature  counteract  the  shrinkage,  and 
ore  frequently  nddeii  for  this  purpuse,  but,  since  they  also  render  the 
mixture  more  pimms.  they  facilitate  the  dr>-ing  as  well,  permitting 
the  water  to  escape  more  readily,  and  reducing  the  danger  from  crack- 
ing. If  the  sand  added  to  dilute  the  .shrinkage  is  refractory  it  also 
fiid.-^  t))C  clay  in  retaining  it.s  sha|>c  during  burning. 
I  The  effect  of  sand  on  a  clay  i.s  well  seen  from  the  following  experi- 
ment with  a  clay  from  Herbertsville,  N.  J.' 


Clay 

Ctay+30%8miid. 


P*r  c«nt 

wiit«r 

nquirwd. 

32.6 

15.6 


Por  MDt 
■ir- 

5   3 
3  3 


Ibt.  p«r  I'q.  m. 
108 
65 


From  the  above  it  is  seen  that  the  addition  of  50  per  cent  of  sharp 
ind  reduced  the  amount  of  water  required  a  little  over  one  half.     Tlic 
Pair-shrinkage  was  retiuced  37.73  per  cent,  but  it  was  accompanied  by 
a  loss  in  the  tensile  strength  of  nearly  40  per  cent. 

P  Fire-shrinkage. — All  clays  shrink  iluriug  some  stage  of  the  burning 
Operation,  even  though  they  may  expiind  slightly  ut  certain  tempera- 
tures. The  fire-shrinkage,  like  the  air-shrinkage,  varies  within  wide 
limits,  the  amount  dei>ending  partly  on  tlie  quantity  of  volatile  ele- 

•ments,  such  as  combineti  water,  organic  matter,  and  carbon  dioxidef 
l^nd  partly  on  the  texture  and  fusibility. 

Fire-shrinkage  begins  at  a  dull-red  heat,  or  about  the  point  at  which 
chemically  combineti  water  begitis  to  pass  oG,  and  reaches  its  maxi- 
mum when  the  clay  vitrifies,  but  does  not  increase  uniformly  up  to 
that  point.  The  clay  worker,  however,  always  tries  to  get  a  low  fire 
shrinkage,  using  a  mixture  of  clays  if  necessar>'. 
■  After  the  expulsion  of  the  volatile  elements  the  clay  is  left  in  a  por- 
ous   condition,    until    the   fire-shrinkage   recommences. 

In  the  table  -  on  the  next  |>age  there  are  given  the  results  of  a  series 

Ppi  tests  made  on  eight  different  clays,  which  were  burned  at  tempera- 
lures  100°  C.  apart  from  5tM>*»  C.  (932°  F.)  up  to  1100°  C.  (2012°  F.) 
inclusive.- 


•  N.  J.  C.eol.  Surv.,  Fiital  Report,  Vol.  VI,  p.  92,  19(W. 
Mbid..  p.  94.  1904. 
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Table  bbowino  Progrrssivk  Shrinkaoe:  ^nd  Loss  op  Weigbt  at  Di 

Temperatures 


i 

-3 

L 

II 

HOO*  C  . 

TO""  r. 

^<Xf  C, 

900"  c. 

lOOtfC 

iioo>cJ 

o 

i 

1 

1112"  F. 

1292"  F. 

H72»  K. 

16&3"P. 

]»3S>P. 

aui2>i3 

"5 

.3 

« 

h 

1 

1 

•a  & 

8? 

.a 

«8 

* 
» 

• 

i 

le 

c 

8j 

8- 

8c 

^•j 

l_ 

li 

ji 

■  i 

,  ^ 

,_.= 

^    - 

.    .^ 

1..^ 

.,  * 

uj: 

1^ 

w^ 

,  .3 

J 

£ 

u~ 

rS" 

— • 

f^- 

«i  ^ 

£~ 

£ 

±" 

£' 

-1 

r^ 

9.0 

J,l>9 

tt.;iH 

1.72 

C.3 

0.70 

.0 

CSS 

0 

O.AH 

0 

0.19 

0  7 

0.;;^ 

4.0 

BAS 

4.6 

1  .  :iti 

11.10 

1.3K 

on 

t>..i,'i 

,0 

n ,  33 

n 

0.33 

0 

0.12 

0  7 

0  21 

2.4 

003 

s.a 

1..50 

i .  24 

1.37 

0.7 

0.35 

.3 

0.05 

0 

0,27 

0 

+0.06 

0.0  0  \\\ 

1  3 

no.*! 

7.0 

i.4;i 

S.fin 

1.07 

0.3 

(J.4S 

.0 

o.;w 

0 

0.12 

0 

0.10 

2.7 

0  00 

!2.6 

696 

5.6 

:t.4.s 

9.42 

2,61 

0.4 

1.61 

.0 

0.46 

0 

0.33 

0 

0.14 

1.3 

0  22 

4.7 

703 

i.n 

n.6.i 

2.-^2 

l.Oo 

0.0 

0.26 

.0 

0.10 

0 

0.02 

0 

0-09 

i.4n.a3 

o.n 

717 

8.0 

3,20 

.•i.aa 

1.70 

0.3 

0.83 

.0 

0.41 

0 

0.49 

0 

0.34 

1.3  0  24 

4  0 

72A 

2,0 

0.70 

;(.23 

1.03 

0.6 

0.61 

.0 

0.22 

0 

0.1.^ 

0 

0.10 

1.3 

0.12 

2  7 

Explanation  of  table. — The  clays  tested  were  the  fulhoviug: 

648.  Fat,  black,  micaceous  clav,  of  Clay  Marl  I  from  Maple  Shade. 
N.J. 

655.  A  clay  marl.     Exact  U>cality  unknown. 

663.  A  Pleistocene  clay  from  Vinehmd,  N.  J, 

665.  A  yellow,  finely  gritty,  Cohansey  clay,  heavily  stained  wil 
limonite  from  Toms  River,  N.  J. 

096.   Black,  .\sbury  clay  from  west  of  .\sh«ry  Park,  N,  J. 

703.  Sandy,  Karitan  clay  from  near  Kisli  House,  N.  J. 

717.  A  very  plastic  clay  from  Clay  Marl  IH,  south  of  Wood 
N.J. 

72S.  Hudson  Ri\-er  shnlc  from  Port  Murray,  K.  J. 

The  bricklet.'^  had  been  staniiing  in  a  wann  room  for  several 
and,  idthough  they  apjwared  perfectly  dry,  ihey  were  placpfl  in  a  hot- 
air  bath  and  kept  at  a  temperature  of  11()°C.  for  a  <!ay,  being  weiiehed 
both  before  and  after.  This  drove  off  the  moisture  remaining  in  the 
pores,  and  the  resulting  loss  in  weight  indicated  in  the  thirri  column  of 
the  above  table  shows  the  quantity  of  moiature  that  may  remain  la  a 
brick  after  the  air-shrinkage  has  ceased.  It  is  least  in  the  sandy,  lean 
clays  and  highest  in  the  black  one,  which  is  colored  by  organic  matter. 
The  second  column  indicates  the  per  cent  of  air-»lu-inkage,  calculated 
upon  the  length  of  a  freshly  molded  bricklct.  The  fourth  column,  headed 
500*=  C.  (932**  F.),  gives  the  loss  in  weight  from  the  thoroughly  dried 
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condition  up  to  500°  C,  calculat«d  on  the  weight  of  the  aiMriecl  sample. 
The  following  columns  give  the  additional  loss  in  weight  for  each  100°  C. 
(1S0°  F,),  aa  well  as  the  fire-shrinkage  taking  place  in  this  temperature 
interval.  From  an  inspection  of  the  table  it  is  seen  that  most  of  the 
volatile  substances,  such  as  the  chemically  combined  water  contained 
in  the  hydrous  aluminum  siltcato,  mica,  or  limonitc,  and  organic  mutter, 
pass  off  before  500°  C.  (932**  F.).  and  that  an  iidditionnl  appn-cinbtc 
amount  is  exi)elletl  between  500°  (\  and  600°  C.  Between  6(X)°  C. 
(1112°  F.)  and  1100*  C.  (2012°  F.)  there  was  a  small  but  steady  loss. 
while  in  one  caae  (No.  663)  there  was  even  a  gain  in  weight  at  1(X)0°C. 
(1832*  F.).  Two  samples,  Noa.  696  and  665.  showed  a  liigh  loss  at 
5(K)°C.  and  600°  C,  as  compared  with  the  others,  but  this  was  due  to 
the  former  containing  considerable  organic  matter,  and  the  latter  having 
a  very  high  percentage  of  limonite,  which  would  supply  an  additional 
quantity  of  chemically  combined  water. 

The  amount  of  fire-shrinkage  shown  by  these  samples  is  equally 
interesting,  for  it  is  seen  that,  although  the  loss  in  weight  between  500°  C. 
(932°  F.)  and  900°  C.  (1652°  F.)  is  considerable,  still  there  is  little  or 
even  no  shrinkage,  so  that,  after  the  volatile  elements  have  been  driven 
off,  the  clay  must  be  vei>"  porous,  and  remains  so  until  the  fire-shrinkage 
b^ins  again.  From  the  t-able  it  will  be  seen  that,  with  one  exception, 
no  shrinkage  occurred  between  600°  C.  (IU2°F.)  and  900°  C.  (1652°  F.); 
but  between  000°  C.  (1652°  F.)  and  1000°  C.  (1S32°  F.),  idl  except  No. 
663  decreased  in  size,  and  there  was  an  additional  but  greater  shrinkage 
between  1000°  C.  (18.32°  F.)  and  1100°  C.  (2012°  F.).  None  of  the 
brick'ets  became  steel-hard,  that  is.  sufficiently  liard  to  resist  scratch- 
ing with  a  knife,  until  UXX)°  C.  (18:52°  F.),  or  even  1100°  C.  (2012°  F.). 
In  the  case  of  those  burning  reid,  a  good  red  coloration  began  to 
appear  at  1000°  C.  (1832°  F.).  From  this  it  can  be  seen,  and  this 
is  a  fact  already  known,  that,  up  to  600°  C.  0112°  F.),  a  clay  should 
be  heated  slowly;  but  from  that  point  up  to  1000°  C.  the  tempera- 
ture can  be  raised  quite  rapidly,  unless  much  carbonaceous  matter  is 
present.  The  gradual  burning-off  of  tliis  carbon  is  well  shown  in 
Fig.  19,  wluch  represents  a  series  of  bricks  taken  from  a  kiln  at 
regular  intervals  as  the  burning  proceeded.  Further  heating  should 
be  done  slowly,  as  the  shrinkage  recommences  at  the  last-nientioned 
temperature. 

Wheeler*  claims  that  the  most  potent  factor  in  firc-slu-inkage  is  the 
size  of  grain:   the  finer  it  is,  the  greater  the  fire-shrinkage. 
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Since  many  clays,  when  used  alone,  shrink  to  such  en  extent  as 
cause  much  luss  from  warping  and  cracking,  it  is  nccessar>'  to  odd 
rials  which  of  themselves  liave  no  fire-shrinkage,  and  so  decrease  tA 
shrinkage  of  the  mixture  in  burning.  Sand  or  sandy  clays  are  Iti 
materials  most  commonly  used  for  this  purpitsc.  but  ground  brirli 
(grog),  and  even  coke  or  graphite,  may  be  employe*!.  These  material 
serve  not  only  to  decrease  the  shrinkage  in  drying  and  burning,  bulAlst 
tend  to  prevent  blistering  in  an  easily  fusible  ferruginous  clay  when  hnni 
fired.  They  furthermore  add  to  the  porosity  of  the  ware,  and  lliui 
facilitate  the  escape  of  the  moisture  in  drying  and  in  the  early  staga 
of  burning,  as  well  as  enabling  the  product  to  vnthslaud  sudden  charm 
of  temperature.  If  sand  is  added  for  this  purpose,  it  may  act  as  a  6u 
at  high  temperatures,  and  this  action  will  be  the  more  intense  tlie  fina 
its  grain. 

Large  particles  of  grog  are  undesirable,  especially  if  tbey  are  angulu 
in  form,  because,  in  burning,  the  clay  shrinks  around  them,  and  the  sharp 
edges,  serving  as  a  wedge,  open  cracks  in  the  clay,  which  may  expuM 
to  an  injurious  degree.  Large  pebbles  will  do  the  same,  and  at  nuuq 
common  brickyards  it  is  not  uncommon  to  see  bricks  split  open  during 
the  burning,  because  of  s(nnc  large  quartz-pebble  left  in  the  clay, 
the  result  of  improper  screening  of  tlie  tempering  sand.  For  commnci 
brick,  the  type  of  sand  used  does  not  make  much  difference,  as  Im 
as  it  is  clean;  but  if  sand  is  to  be  iiddcd  to  fire-brick  mixtures,  it  shoul* 
be  coarse.,  clean,  qunrtx-.sjmd.  Burne<l  rlay-gnig  Is  more  desirable  thai 
sand  for  high-grade  wares,  since  it  does  not  affect  the  fusibility  of  tfai 
clay,  or  swell  with  an  increaiie  of  temperature  as  sand  rioes.  but  preraO' 
tion  should  be  taken  to  burn  the  clay  to  its  limit  of  shrinkage  befofi 
using  it. 

Measurement  of  shrinkage. — A  knowledge  of  the  air-  and  fire-shrink- 
age of  a  c-lay  id  of  vital  importance  to  the  manufacturer  of  clay-pniducts, 
since,  in  order  to  produce  a  burned  ware  of  the  required  dimcnsiiwu, 
he  must  know  the  air-  and  fire-shrinkage  of  his  raw  clays. 

The  shrinkage  of  a  clay  may  be  expressed  linearly  or  cublc&lly. 
The  former  is  given  in  percentage  terms  of  the  original  length  (4 
the  ware,  and  b  easily  determined  by  direct  measurement.  To  deter- 
mine Ihe  cubical  shrinkage  in  drying,  it  is  necessary  to  carefuUjr 
determine  the  volume  of  clay  when  moist  and  again  when  dry,  vhUa 
the  difference  in  volume  between  the  latter  and  that  of  the  burned  day 
gives  the  cubin  fire-shrinkage. 

Determination  of  volume. — The  change  in  volume,  to  be  determined 
for  getting  the  cubic  shrinkage,  is  measured  by  means  of  a  Seger  volu- 


meter  (Fig.  32).  This  conBists  of  a  four-litre,  wide-mouthed,  glass-stop- 
pered jar.  A  circular  opening  in  the  center 
of  the  stopper  is  fitted  with  the  ground- 
end  uf  a  short  glass  tube  711,  which  ex- 
pands above  into  a  bulb  b,  and  is  again 
contracted  above  it.  The  jar  has  a 
glass  stopcock  e  near  its  base,  which  is 
connected  above  with  a  burette  a  of 
125  o.c.  capacity,  and  grft<Iutitp<l  to 
tenths.  The  upper  end  of  the  laurette 
also  widens  to  a  bulb  /,  from  the  top 
of  which  there  extends  a  l>ent  tube  fnr 
the  attachment  of  a  rubber,  this  tube 
being  used  to  draw  the  liquid  into  the 
burette. 

When  the  stopcock  in  the  lower  part 
of  the  burette  is  open,  and  the  liquid 
fiiletl  in  jar  up  to  the  mark  on  the  snuall 
^iaas  tube  m.  the  liquid  stands  at  the 
zero-point  in  the  burette. 

The  method  of  using  the  apparatus, 
together  with  the  results  obtained  on  a 
number  of  Iowa  clays,  was  as  follows;^ 

»"  To  use  the  volumeter  for  determining 
the  volume  of  clay,  it  is  tilled  with  oil, 
ordinary  kerosene  with  a  specific  gravity 

of  (),S  (which  mu5t  be  accurately  known)  ^'®-  32.— Seer's  voluiiiPier,  for 
having  been  found  to  give  satisfactory  ^^'J'""'"^"f  f^™"''^'  """'^  "^- 
resulta. 

"After  filling  the  jar  the  Imrette  is  drawn  full  of  the  liquid  by  suc- 
tion thrnugh  (he  rubber  tube,  and  held  full  by  turning  the  burette- 
valve  or  by  means  of  a  pinch-oock  on  the  rubber.  The  stopper  ia  now 
removed  and  the  test-piece  of  the  clay,  uhicli  i.s  still  plastic  and  per- 

■zneated  with  wiiter,  is  carefuJIy  wiped  dry  of  the  coating  film  and  put 
1^.  The  test-pieces,  which  were  approximately  3  inches  Jong,  were 
allowed  to  dry  till,  on  picking  up  a  piece  endwise  between  the  thumb 
and  finger,  the  middle  portion  did  not  sag.  This  point  was  noted  care- 
fully and  all  samples  were  treated  in  this  regard  exa4'tly  the  same.  Cai« 
is  taken  not  to  soattcr  any  of  the  liquid  in  placing  the  block  of  clay 


1 


'  Itt.  G«ol.  Sun-ey,  Vol.  XIV.  p.  107.  1004. 
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in  the  jar.  In  order  to  prevent  this,  and  to  avoid  breaking  or  othwv 
wise  marring  the  test-piece  by  dropping  it  into  the  vessel,  a  small  wood) 
float  or  support  by  which  the  ohiy  nmy  be  cnrffully  let  down  into  ll 
liquid  is  advuntngeous.  This  float  is  ronvenicutly  made  with  a 
eye  or  hook  near  each  end  so  that  it  may  be  handled  by  reaching  in  wii 
two  stiff  bent'wire  rods.  Some  sufh  arrangement  as  this  is  found  quil 
neccssarj'  in  handling  raw  clays,  liut  can  be  dispensed  with  when  ttl 
clays  are  burned.  The  stopper  is  now  replaced,  and  by  releasing  tb 
pinch-cock  d  oil  from  the  burette  is  allowed  to  flow  back  into  the  i 
until  it  stands  at  the  mark  on  the  short  tube. 

"  The  volume  of  the  clay  is  then  indicated  by  the  heiglit  of  the  liquii 
in  the  burette  above  the  zero  mark.  The  piece  of  day  is  taken  nO 
and  placet!  to  dry  while  the  volumeter  is  again  filled  t4>  the  zero  p<»ini 
to  be  ready  for  the  next  test. 

"  \Vlicn  dry  the  clay  h  heated  to  231^  F.  to  expel  all  hygnwcopi 
moisture  and  after  weighing  it  is  placed  in  a  vessel  of  oil  until  saturated 
This  is  found  to  require  from  three  to  six  hours  for  small  tost-pieca 
of  approximately  3X  UX 1^  inches.  When  saturated  the  piece 
again  weighed  and  its  volume  mpasure4l  as  before.  Having  now  tba 
wet  and  drj*  volumes,  the  percentages  of  cubical  shrinkage  in  drying 
are  easily  calculated. 

"In  measuring  fire-shrinkage  the  same  test'-plecea  were  employeit 
that  were  made  use  of  in  determining  drj'ing  shrinkage.  They  weW 
placed  in  a  small  muffle-funuice  and  burneil  to  a  temperature  of  7tKi* 
to  K00°  C.  By  burning  at  this  heat  dehydration  and  oxidation  of  the 
clay  were  completetl.  It  is  about  the  temperature  at  which  commna^ 
porous  red-huilding  brick  is  burned.  For  tlie  large  number  of  clays 
vitrification  has  not  yet  begun  at  this  heat,  and  they  are  left  in  the  nxtt 
porous  condition  attained  during  any  part  of  the  burning  process." 

The  results  of  a  number  of  determinations  made  on  Iowa  clays, 
giving  the  cubic  air-  and  fire-shrinkage,  as  well  as  the  porosity  of  the 
dried  and  burned  clay,  are  tabulated  on  page  135. 

It  will  be  seen  frtun  the  above  table  that  in  two  cases  there  was 
a  alight  expansion  of  the  moss,  as  indicated  by  the  minus  fire-shrinkage. 


Porosity 

The  porosity  of  a  clay  may  be  defined  as  the  volume  of  the  port- 
space  between  the  clay  particles,  expressed  in  percentages  of  the  tutJj 
volume  of  the  clay,  and  depends  on  the  shape  and  size  of  the  partirlp-' 
making  up  the  mass.    The  maximum  porosity  would  be  found  in 
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clay  made  up  entirely  of  sphericul  grains  of  the  same  size,  but  such 
clays  are  practically  unknown.  On  the  contrnn,-.  utl  clays,  so  far  as 
known,  are  made  tip  of  a  mixture  of  sizet^,  wIi[U:li  greatly  reduces  the 
porosity.  In  general  we  may  say,  however,  that  increasing  fineness 
meaas  inrrea.sing  pore-space. 

The  rapidity  witli  wliich  a  clay  absorbs  water  is  not  to  be  r^ardcd 
as  a  criterion  of  its  porosity,  for  two  clays  of  the  same  porosity  may 
differ  in  grain,  on  which  account  the  coarse-grained  one  will  absorb 
— it«r  more  rapidly  than  the  fine-grained  one. 

The  porosity  of  a  clay  is  of  importance,  because  it  influences  the 
havior  of  it  towards  water,  heat,  etc.  These  effects  niay  be  sum- 
marized as  follows: 

Porosity  influences  the  amount  of  water  which  a  clay  will  absorb, 
or  the  amount  required  to  make  them  phistic,  and  this  wUI  in  turn 
influence  the  air-shrinkage. 

The  possible  rate  of  safe  drjinj^  depends  on  the  amount  of  water 
absorbed  and  the  facility  with  which  it  can  escape;  large  pores  per- 
mitting the  water  to  escape  rapidly.  Small  pores,  on  the  other  hand, 
retard  both  the  absorption  and  evnporatiou  of  the  water. 

In  the  burned  clay,  too,  the  porosity  hius  to  be  considered,  for  all 
d.-ivs  after  burning  are  more  or  less  jiorous  uiiles.s  burned  to  vitrification. 
In  most  clay  produrt.s  a  low  porosity  is  desirable  in  order  to  increase 
its  resistance  to  the  weather.  If  a  product  is  very  pnroiia,  it  will  absorb 
consit^lerable  water,  which  on  freezing  e.xpands.  If  ihe  pores  are  large, 
the  pressure  exerted  by  the  expanding  water  on  freezing  will  be  relieved 
by  the  exudation  of  small  ice  crystals  from  the  pore.s,  and  no  harm 
results.  If,  on  the  other  hand,  the  pores  are  small,  this  cannot  occur, 
and  a  sufficient  pressure  may  be  exerted  from  tlie  contained  ice  to  dis- 
inte^ate  the  mass.  With  close-textured  clays  the  porosity  may  be 
fio  small  that  not  enough  water  can  enter  to  cause  any  harm. 
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The  pnrosity  of  the  clay  in  either  its  raw  or  burned  couditkn 
determined  by  means  of  a  Seger  volumeter  described  under  St 
The  porosity  percentage  is  detertniued  by   the  formula 


^ 


in  which  F-=  volume  of  dry  test-piece; 

<;= difference  in  weight  between  dry  and  saturated  test-pii 

or  the  weight  in  grants  of  oil  absorbed; 

fi^speci&c  gravity  of  oil. 

In  testing  the  porosity  of  burned  wares  distilled  water  can  be 

The  specific  gravity  of  this  at  ordinary'  temperatures  can  be  taken  a^ 

unity,  and  s  therefore  disappears  from  the  formula,  g  becomes  cubic 

centimeters,  and  the  expression  reduces  to 

Specific  Gravity 

The  specific  gravity  of  a  clay  is  not  a  factor  of  great  economic  import 
ance,  although  it  has  to  be  known  in  order  to  determine  tlie  porosiij 
by  the  formula  mentioned  under  that  head.  Since  also  it  is  related  U 
the  density  of  the  mass,  which  no  doubt  exerts  some  influence  on  tin 
fusibility  of  the  material,  it  is  required  for  the  determination  of  tbi 
fusibility  factor  by  certain  methods  (see  under  Fusibility). 

This  is  assuming  that  the  more  compact  a  clay  the  lower  its  fusion 
point,  and  it  has  been  pointed  out  ^  that  according  to  this  a  clay  migh 
have  one  specific  gravity  as  it  came  from  the  bank^  and  this  woufc 
change  with  each  manipulation.  A  knowledge  of  the  specific  gravity 
of  cl»y  based  on  this  conception  is  of  little  value,  however,  since  it 
not  the  true  specific  gravity  which  depends  on  the  mineralogical  compos 
tion  and  not  the  porosity.  As  such,  the  specific  gravity  of  the  clay 
remain  constant,  whatever  its  condition. 

There  is  comparatively  little  variation  in  the  specific  gravity  of  tl 
minerals  most  abundant  in  clay,  as  can  be  seen  from  the  following: 

Kaolinite 2.6  Quartz 2.&5 

Ca]cit« 2.71         Feldspars....  2.55-2.75 

Biotite 2.7-3.1  Muscovite. .  .  2.76-3 


'  la.  Geol.  SttTv.  XIV.  p.  114,  1904. 
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Intn  oxides  wnuUI  he  heavier;  still  they  form  but  a  small  percentage 
of  tlie  entire  mnss. 

Some  o(   the   recditled  specific  gravities  i>f   clay   fall   rnnsitlernbly 
low  the  average  speciflt  jinivity  of  that  of  the  fommon  mmerals  found 
clay,  which  may  be  ilue  to  the  method  of  determination  used. 
In  a  jK-ries  nf    New  Jersey  clajs  tested    by  the  writer  tlie  gravity 
,ge*l  from  2.34  to  2.84.^ 

Beyer  and  Williams  give  tlie  range  of  Iowa  c'.ays  tested  as  from  2.32 
2.64.2 

The  Missouri  clays  tested  by  Wheeler^  ranged  from  1.66  to  2.64, 
hile  the  determinations  of  Smock*  on  the  New  Jersey  clays  ranged 
m  I. SO  to  2.G0. 

The  lower  vaUics  obtained  by  Wheeler  and  Smock  are  no  doubt  due 
the  method  used  by  them,  which  consisted  in  coating  a  lump  of  clay 
paraffm  so  that  it  ctnihi  not  slack  in  water,  and  then  determining  the 
■eight  in  water  of  this  lump. 

Determination  of  specific  gravity. — ^The  simplest  method  of  determin- 
ing the  tiiic  i^pccifir  gravity  of  a  clay  i.s  by  means  of  ii  pycnometer  of  the 
ordinary  lyjie,  or  it  can  also  !«•  made  with  a  Soger  volvimelcr,  using  the 
fonnula 

o  ^  (t  _ 


in  which 


6'  =  actual  weight  or  mass  of  tciit-piece  when  drj*; 
V=apparent  volume,  or  clay  plus  pore-space; 
P==  percentage  of  porosity. 


^P^  Fusibility 

Ml  r-luys  fuse  at  one  temperature  or  another,  the  temperature  of 
ru5irin  dcpemliiig  on  (I)  the  iinumnt  of  lUixc.<;  1,2)  the  size  of  grain  of  the 
refniciory  and  inia-icfract4iry  particles;  (H)  the  homogeneity  of  the  mass; 
(4)  the  condition  of  (he  fire,  whether  oxidizing  or  reducing)  and  (5)  the 
form  t>f  rhemind  r<imbitiation  of  the  elements  contairw^d  m  the  rlay. 
«  The  rlumges  uci-uning   in   the  early  stages  of  burning  have  i»eeti 

^fceferred  lo  under  Fire-whririkage  and  Chemical  l*roj)erties,  and  in  the 
table  given  on  page  13()  it  was  seen  tlmt  the  clay  had  become  steel-hard, 
due  Ii>  a  partiaf  fu-sion  of  some  of  the  particles. 


3.  (Wn\.  Sun-.,  Finsl  Repore.  Vol.  VI,  p.  IH,  |9W. 
» la.  Gcoi.  Sun-.,  Vol.  XIV,  p.  110.  1904. 
•  Mo.  (tool.  Surv.,  Vol.  XI,  p.  5(i2  ol  (te<|.,  ISSfl. 
'N.  J.  Geol.  Siirv..  Ucport  on  Vinyn,  1878. 
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In  considering  the  changes  which  m't-ur  in  (he  fusinn  of  rhiys  it  i| 
necessjiry  to  remember  that  clay  is  not  a  substjinee  of  definite  chemic 
cnmposttinn.  but  consists  <»f  n  mixture  4if  minerals  each  hiiving  its  on 
meltiiig-piiint. 

When  clays  untlergo  a  fusion  prr>cess  they  do  not  soften  at  once.  I 
melt  with  mniparative  slowness.  This  is  not  stirprisin^  wlien  we  can 
sider  their  heterogeneous  rfmipositioii.  nnd  may  arcount  for  their  filnn 
softening  as  one  kind  of  .-i  mineral  after  anolher  fuses.  As  soon  axj 
softcninj;  of  one  or  more  of  the  niiiicnvl  gr.ains  ocrurs  interronrliori?* 
between  the  different  ones  begin,  ihe  nunilKT  involved  inereasip^  uiitii 
all  constituents  of  the  mass  are  involved.  In  most  cases  no  reortioa 
occurs  ]>etween  any  of  the  ^niins  ur^lil  one  melts,  but  it  Is  not  nwcssstn' 
to  reac-li  tfic  fusion-pitlnt  of  eat-li  lirfnre  it  can  react  with  the  others. 

Thus  carbonate  of  limn  autl  [-itrboiiutc  of  niagnesiu  lose  their  cariion 
dioxide  nl  a  conipurativcly  low  tciiipf^ratun'.  arul  the  remaininf;  n\i(|ff 
of  these  elements  nre  highly  refr-ut-lory  if  Ijealed  aJonc.  If.  imwcver. 
they  are  mixed  with  other  minerals,  they  nppear  to  reuet  with  them  long 
before  their  fusion-points  are  reached. 

On  account  of  tlie  gradujd  softening  of  clays  when  heated  to  their 
fusion-point  "VVlieeler  has  suggested  the  recognition  of  the  follfi\Mii: 
6t«gcs: 

Incipient  vitrification. — In  this  stage  the  day  has  softened  sufliciently 
to  make  the  grains  stick  together,  and  enough  to  prevent  the  recognition 
of  any.  except  tlie  larger  ones.  T!ie  particles  have  not.  however,  soft- 
eneil  sutViciently  to  close  up  al)  imivs  <>f  tlie  mass. 

Complete  vitrification.^A  further  heating  of  the  clay.  thn)U|:li  a 
variable  teuipcnitiue  iutervnl  nuiging  frotn  abijut  27.7°  C.  (51)*  K-)  to 
lll.l^T.  (2tK)°  I'".),  or  sometimes  even  itmre.  pnHlures  an  addilinn&l 
softening  of  the  grains  sufficient  to  close  up  all  the  pores  and  render  the 
mass  iui|)ervioua.  Clays  burned  to  this  condition  of  complete  vitrifini' 
tJon  show  a  smooth  fracture  with  a  slight  luster.  The  atlainnient  <»f 
this  condition  also  represents  the  point  of  maximum  shrinkage. 

Viscosity. — A  still  further  but  viiriabic  rise  in  the  teniperaiurc  ^ 
aecouijjaniud  by  both  swelline  and  softening  of  the  clay,  until  it  flow?  of 
gets  viscous. 

It  is  sometimes  difficult  to  recognize  precisely  the  cx.iot  attainn»eni 
of  these  three  conditi*uis,  for  the  rhiy  may  soften  so  slowly  tliat  the 
change  from  one  to  the  other  is  gradual. 

According  to  Wheeler'  the  hanlness  of  a  clay  when  it  has  reat'liedi 
the  first  of  these  three  stages  us  from  6  to  6.5  according  to  Molis'  sr&le;] 

'  .Mo.  Ceol.  Sur\ey,  Vol  XI,  p.  130, 1«SHS. 
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'  in  Other  words  it  cannot  be  scratched  with  a  knife.  The  tempertiture 
of  steel-hardness  varies  with  the  character  of  the  material,  impure, 
easily  fusible  clays  becoming  so  at  a  low  temperature,  such  as  cone  ()5, 
while  others,  such  as  kaolins  and  some  tire-clays,  fail  to  reach  this 
condition  before  cone  5  to  S>;  but  with  other  things  equal,  a  highly 
plastic  clay  will  burn  stccl-ltard  at  a  much  lower  temperature  than  one 
mf  low  plasticity. 

B  The  difference  in  temperature  between  the  points  of  incipient  fusion 
"and  viscosity  varies  with  the  composition  of  the  clay.  In  many  calcare- 
ous clays  these  points  are  within  27.7'  C.  (b(f  F.)  of  each  other,  while  in 
refractor}'  clays  they  may  be  277**  C.  (500°  F.)  apart.  The  glass-pot 
clays  whith  are  refractory,  but  stil!  bum  dense  at  a  comparatively  low 
temperature,  approach  the  last-mentioned  condition  quite  closely. 

Wheeler  gives  the  following  figures  of  variation  based  on  the  tests 
of  135  clay8.2 

tUnoa,  Chnrnolar. 

75**  F.  Very  calcareoua. 

300"  F.  Very  impure  clays  and  shales. 

350^  F.  Lees  impure  cUiys  and  itiialet). 

400"  F.  Fire-clays,  potters*  clay«.  ikaolins. 

500**  F.  Some  china-clays,  pure  fireclays. 

It  is  of  considerable  practical  importance  to  have  the  points  of  incipient 

vitrification  and  viscosity  well  separated,  because  in  the  muiiufacturc 

of  many  kinds  of  clay-products  the  ware  must  be  vitrified  or  rendered 

impervious.     If,  therefore,  the  temperature  interval  between  the  points 

of  incipient  vitrification  and  viscosity  is  great,  it  will  be  safer  to  bring 

(be  ware  up  to  a  condition  of  complete  vitrification  without  the  risk 

o[  reaching  the  temperature  of  viscosity  and  melting  all  the  wares  In  the 

kiln,  because  it  is  impossible  to  control  the  kilu  temperature  within 

arange  of  a  few  degrees.    In  many  clays  the  point  of  complete  vitrification 

seems  to  be  midway  between  that  of  incipient  vitrification  and  viscosity, 

but  in  others  it  is  not. 

Effect  of  chemical  composition  on  fusibility.— ^ther  things  being 
equal,  the  temperature  of  fusion  of  a  clay  will  fall  with  an  incJ'ea.'iie  in 
tbe  percentage  of  total  fluxes.  If  we  compare  the  analyses  of  a  brick- 
clay  and  a  fire-clay,  we  shall  find  that  the  analysis  of  the  former  shows 
perhaps  12  or  15  per  cent  of  fluxing  or  fusible  ingredients,  while  that 
ot  the  latter  may  show  only  2  or  3  per  cent,  and  that  their  fuaion-pointa 

'  For  explanation  of  these  see  p.  149. 

*  Mo.  Geol.  Survey.  Vol.  XI,  p.  131.  1896. 
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are  licrhaps  1093°  C.  (2000°  F.)  and  1644"  C.  (3000°  F.)  respectively. 
But.  while  in  general  tlie  fusion-point  falls  as  the  percentage  of  fltixca 
rises,  it  is  fouml  that  the  liifTerent  fluxes  exert  a  difTemnt  fluxing  influence; 
tliat  is  to  say,  it  requires  more  of  one  than  another  to  bring  atniut  tlie 
same  degree  of  fusibility.  Moreover  there  is  a  variation  in  the  tempen^ 
ture  at  which  the  different  ones  become  active. 

One  of  the  first  investigators  to  throw  some  light  on  thia  mibjed 
was  a  German  by  the  nanae  of  Richter,  whose  researches  have  become 
classic.     He  formulated  three  laws,  as  follows: 

1.  The  refractory  quality  of  a  clay  of  any  given  proportion  of  silic* 
and  alumina  is  moat  influenced  by  the  fluxes  in  the  following  order: 
MgO,  CaO,  FeO,  NajO,  KgO. 

2.  Chemically  equivalent  quantities  of  tbeee  oxides  exert  equat 
influences  on  the  refractoriness  of  a  given  clay;  that  is,  40  parts  ot 
magnesia,  56  parts  of  Ume.  72  parts  of  ferrous  oxide,  62  of  soda,  and 
92  parts  of  potasli  will  encli  produce  an  equal  degree  of  fusion  in  iha 
same  quantity  of  the  same  clay. 

3.  If  a  number  of  fluxes  are  present  in  a  clay,  the  fusibility  produced 
will  be  propurtional  to  the  sum  of  their  chemical  equivalents.  I'uf 
example,  a  clay  with  the  formula 


0.15  K 
0.15  CaO 


JaO  r 


AI2O3,  2Si02 


should  fuse  at  the  same  temperature  as  one  of  the  composition 


0-1  KgO 

0.1  CaO 
O.I  FeO 


AI2O3,  SSiOa 


In  working  out  these  laws,  Richter  used  a  scries  of  aluraJna-^illcs 
mixtures,  to  which  known  proportions  of  the  fluxes  were  then  added. 

In  his  first  scries  he  employed  sUIca  and  alumina  mixer]  in  the  saniQ 
proportions  as  in  kaolinlte,  while  in  a  second  but  similar  scries  h0 
u-seil  a  higher  silica  percentage  than  is  present  in  kaolinite. 

Considering  the  case  of  silica  and  alumina  in  the  proportions  that 
they  exist  in  kaolinite,  it  is  found  tliat  they  have  a  fusion-point  of  abouft 
1S30'*C.  (3326°  F.),  or  cone  36  of  Uie  Seger  scale.  The  continued 
addition  of  silica  to  this  lowers  its  fusion-point  until  the  ratio  of  Al:^, 
ITSiOs  (or  1:9  by  weight),  is  reached,  the  fusion-point  of  this  beio^ 
about  1650*  C.  (3002°  F.),  or  cone  26,  but  a  continued  increase  of 
raised  it. 
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Silica,  tiiereforc.  is  In  lie  resardetl  as  a  flux  to  alumina,  at  liigh  tem- 
peratures, and  shimld  not,  ibercftirc,  he  [irosent  in  excess  in  refractory 
cJays- 


e-TjTM 


H  I^  -'0  W  14  W  Ou  7U  (Ml  W  IW  :f  W^ 

HFio.  33.— Diaprara  showing  effect  of  silica  on  the  fusion-point  when  mixed  wiUi 
^m  iiliimiiia  Hiiil  with  kaolin.     (From  Sffgpr'.t  ex})onm«ntft.| 

V        M'wovor,  the  prewnce  of  silira  in  a  clay  seems  to  intensify  the  effwt 

Hof  other  Huxef!. 

H        Ornmer*  at  a  later  date  attempted  tn  verify  Richter's  experiments, 

"l>m  friujid  that  the  fluxing  power  of  oxirics  is  tMily  true  in  so  far  u.s  it 
concerns  kuolinite,  while  in  the  pi-esence  of  free  siliea  he  found  tlie  flux- 
ing iMwer  Hs  follou-s:  FeO,  M^^,0,  CaO.  Xa^O,  K^O,  In  other  wonLs. 
if  free  silira  is  present  the  oxides  <lo  m>t  art  according  to  their  chemical 
equivalency.  7l'  pari',  of  ferrous  oxide,  for  example,  being  more  effec- 
tive than  40  parts  of  magnesia,  etc. 

Imi>or!:int  as  flic  results  nf  Uichter  and  f'ramer  are,  the  laws  do 
not  hold  true  for  the  chiiriges  ordinarily  taking  place  in  a  kiln,  even 
though  they  be  burned  to  vitrification.  That  is  to  say,  the  law  unlv 
holdstrue  when  all  the  elements  iif  the  clay  can  take  part  in  the  fusion  of 
ihe  mass;  in  otiier  words,  when  il  Inis  reached  a  state  of  conijdetc  fusion. 

^m  In  the  melting  of  a  clay,  a  reaction  (Kturs  t)etw©en  tlie  silica,  aln- 
miuit,  and  the  various  fluxes,  giving  rise  to  the  foriuatiou  probably  of 

^^omplex  silicates,  and  it  is  suppose*!  that  the  various  elements  enter 

^feuto  combination  in  the  same  form.     Thus  inm.  whatever  its  state  of 


'  'I'luinirHhiKtrie-^ilitng,  ISO.i,  Nom.  -If)  jind   1]. 
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oxidation  in  the  cliiy,  is  believed  to  enter  into  combination  in  the  (vt* 
rous  form,  ami  therefore  its  fluxing  power  is  regarded  us  due  to  t 
action  nf  ferrous  oxide.  So.  too,  lime  enters  iijlo  comlmmtiou  a.s  Cat). 
niiHgnesLum  as  MgO,  and  sodium  and  putasi<tum  as  Na^^^  ^Qd  KjO^ 
respectively. 

RiohterV  rv4>rk  on  the  fusibility  of  eluys  has  l>een  more  reeenlly 
liisrus-seii  by  Luthvijc  ^  from  I  he  view-point  of  modern  eheniieul  theories: 

"The  fusion  of  silicates  results  in  the  production  of  igneous  solu^ 
tions  holding  dissolved  various  silinites.  Thus  Seger  Cone  No.  1,  con* 
listing  of  a  mixture  nf  feldspar,  kaolin,  cjuartz,  and  ferric  oxide,  is, 
when  fused,  a  mutual  sohition  of  fcldsj)ar,  quartz,  augito  or  boni' 
blende.  If  we  could  cof>l  this  mass  slowly,  these  silicates  would  er>'s- 
lallize  out  one  after  the  other.  This  has  actually  Ijcen  done  by  lYof. 
Vogt  of  Christiania,  who  has  shown  that  the  tempentture  of  fusion 
is  always  highest  when  only  luie  definite  silicate  crystallizes  out,  and 
lowest  when  il  rei>resents  :i  niixiure  of  several  silicates.  This  coio- 
eides  perfectly  with  the  general  phenomenon  observed  in  all  solutions, 
namely,  that,  on  dissolving  any  t^ubstnnce,  a  decrease  of  the  meltini:- 
j)«int  takes  place.  It  is  itnmaterial  whether  the  melting-point  lies  al 
0°  or  at  1200°  C.  The  compositions  of  the  slags  and  glazes  are  prw- 
tlcal  illustrations,  inasmuch  as  the  most  fusible  combinations  of  eithir 
kind  of  silicate  are  always  the  most  complex  ones.  When  two  silicates 
are  combined,  they  invariably  result  In  a  mixture  having  a  lower  mcll-< 
ing-point  than  either,  owing  to  the  formation  of  the  so-called  euteclic 
mixture.  Thus,  mono-calnum  silirale  fu.ses  at  cone  15;  on  adding 
one  molecide  of  silica  to  two  molecules  of  this  silicate,  the  melting-point 
falls  to  cone  7,  but  on  adding  more  quiirtz  the  fusion-point  again  rises, 
.\gain,  in  a  clay  containing  liesides  silica  and  alumina  the  variovis  Buses, 
the  melting-point  is  governed  by  the  fusing-point  of  the  euteclic  mix- 
ture 4)f  these  t'onstituents,  which  rej>resents  the  most  fusible  combitia- 
li(m  possible.  This  explains  also  why  felilspar  begins  its  fusing  eflecl 
in  a  iKxiy  much  below  its  mehing-jmint.  The  eutectic  mixture  ia 
invariably  high  in  fluxes  at  the  lower  temporntures,  but  takes  up  more 
and  more  silica  as  the  temperature  Is  raised.  Silicates  proper  are  more 
fusible  than  high  alumina  mixtures,  and  hence  more  silica  is  brought 
into  solution  than  alumina,  whicli  is  dissolved  only  at  high  temj>eni- 
tures.  This  explains  the  fact  that  aluminous  days  show  tlie  greatest 
refractoriness.  As  the  solution  increases  in  amount  the  clay  softens, 
and  finally,  when  there  remains  but  little  undissolved  matter,  fusioni 

>  llmniiidufltriif-Zcituiig,  XXVIU,  p. 773,  IMM.     The  at>stract  of  the  pu|ier  bertl 
given  is  lliat  oE  HU'iuitigcr,  Tram.  Aicer.  Cer.  Soc,  Vll,  p.  275,  1905. 
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ararteriPtiP  of  solutions 
wliilf  sul>3taDces  honiogeneously  crystalline  nielt  .suddenly  without  Koft- 
eninju;.  Thus  the  final  melting-point  depends  upon  the  ratio  of  the 
Alumina  to  the  silica  and  the  amount  and  kind  of  flux. 

"  The  foundation  of  these  fusion  phenomena  is  the  following  general 
law  applying  to  dilute  solutions: 

*'  Equi-moleoular  quantities  of  dilTerent  substances  dissolved  in  equal 
;aniountd  of  the  eame  solvent  lower  the  melting-point  in  the  same  degree. 

"The  law  applies  to  substance.-?  in  general,  indifferent  as  to  whether 
they  are  bases  or  acids,  the  only  requirement  being  that  they  are  soluble. 
"With  reference  to  clay  we  mu.^t  therefore  consider  lime,  magnesia,  potash, 

a.  and  titanic  acid  as  the  dissolved  substance.s. 

"  If  now  we  are  to  compare  rpfraptorj*  clays  as  to  their  melting-points 
•we  must  calculate  the  molecuhtr  formula  of  each  clay,  making  the  alumina 
ec|uivalcnt  equal  to  unity  and  adding  the  equivalents  of  v.'irious  fluxes, 
obtaining  thus  a  furnudu  like 


I 

wn 


AI2O3  +  2. 1258102  +  0.a755RO. 


"  Since  in  this  expression  there  are  but  two  variables.  Ludwig  plotted 
the  silica  equivalent  as  the  abscissa  of  a  curve  and  ten  times  the  equivalent 
of  the  RO  as  the  ordinate,  and  in  this  manner  he  located  various  Ger- 
man fire-clays  in  a  chart,  verifying  the  clays  by  their  melting-points  in 
Soger  cones. 
^fc  '■  Richter's  law,  strictly  speaking,  applies  only  to  dilute  .solutions,  and 
^Mience  if  the  amount  of  fluxes  in  considerable  the  law  loses  much  of  its 
force.  If  does  not  ap[ii3*,  therefore,  con!j)letely  to  glazes  or  glasses. 
Diflferences  from  this  general  law  are  not  due  to  cliemica!  reasons,  since 
it  does  not  matter  in  what  chemical  combination  a  flux  enters  into  a 
clay,  whether  as  feldspar  or  as  potash,  but  must  be  sought  for  in  the 
difTercnt  mechanical  conditions. 

»'•  Ludwig  sunmiarizes  his  work  in  the  following  conclusions: 
"  1st.  Richter's  law  is  a  special  case  of  the  general  law  of  dilute  solu- 
tions. 

t"  2d.  This  law  is  restricted  by  the  following  conditions: 
"  (a)  It  applies  only  to  verj'  dilute  solutions,  that  is  clays  with  a 
small  amount  of  fluxes  and  not  to  brick-clays  or  glazes, 

»"  (/j)  It  assumes  intimate  mixture. 
"  (c)  Iron  shows  a  different  effect,  due  to  its  two  stages  of  oxidation, 
since  one  molecule  of  ferric  oxide  corre.spontjg  tn  two  molecules  of  ferrous 
oxide.     A  given  percentage  of  iron  contains  fewer  molecules  of  ferric 
oxide  than  of  ferroua  oxide,  since  the  former  has  a  higher  molecular 
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weight.    On  changing  to  the  ferrous  oxide  the  number  of  moleoi 
doubled,  and  hence  the  fluxing  effect  is  doubled. 

'  3d.  The  analysis  of  a  fire-clay  is  of  great  importance  in  esti 
the  refractoriness. 

"  4th.  The  estimation  of  the  refractoriness  by  means  of  the 
ages  of  iilumina  luul  fluxes  leads  to  errone*iUs  results." 

Homogeneity. — ITiiless  the  particles  of  each  element  or  compound 
are  uniformly  distributetl  through  tlie  mass  they  will  not  produce  ihetc 
maximum  effect.  Few  clays  as  they  occur  in  nature  are  jjerfectly  uniform 
in  composition. 

It  is  sometimes  argued  from  this  that  in  testing  clays  for  their  fusi- 
bility it  is  necessary  to  render  them  as  homogeneous  a.-*  potjsible,  hut  ifl 
order  to  obtain  results  of  practical  value  the  clay  should  not  be  mix« 
and  ground  up  any  more  than  it  would  be  for  the  particular  class 
clay  products  to  which  it  is  adapted. 

Influence  of  texture. — The  .size  of  the  mineral  grains  exerts  &a 
important  effect  on  the  fusibility  of  the  clay.  Other  things  being  equali 
a  fine-grained  clay  will  fuse  at  a  lower  temperature  than  a  coarse-grain« 
one,  partly  because  finely  divided  particles  can  come  into  more  intimate 
contact,  and  the  air-spaces  being  diminished  the  heat  will  be  transmitted 
better.  Then,  too,  when  tlie  particles  begin  to  fuse  or  flux  with  each 
other,  this  action  begins  on  the  surface  of  the  grains  and  works  inward 
towards  the  center.  If,  therefore,  the  easily  fusible  grains  are  of  sm&U 
size  they  fuse  more  rapidly,  and  are  more  effective  in  their  fluxing  action 
tlian  if  the  grains  were  large.  Since  some  of  the  mineral  gmins  in  th» 
clay  are  more  refractory  than  others,  the  clay  in  the  earlier  stages  ot 
fusion  can  be  regartled  as  a  ruixture  of  fused  particles  with  a  skeleton 
of  unfusetl  ones.  If  the  propurtifni  of  the  former  to  the  latter  is  veiy 
small  there  will  be  a  strong  hardening  of  the  clay  with  little  shrinkage, 
and  the  })Urned  clay  will  st  ill  be  porous.  With  an  increase  of  temperatuiq 
and  the  fusion  of  more  particles,  the  pores  fill  up  more  and  more,  and 
the  slu-inkage  goes  on  until,  at  the  point  of  vitrification,  the  spaces  ar^ 
completely  filled.  Above  this  point  there  is  no  longer  a  sufficiently 
strong  skeleton  to  hold  the  mass  together,  and  the  clay  begins  to  flow. 
The  conditions  which  influence  the  difference  in  temperature  betweei 
vitrification  and  viscosity  stiU  remain  to  be  satlsfactorilj'  explained 
but  it  probably  depends  on  the  relative  unxmnts  of  fluxes  and  uhi 
fluxes  and  the  size  of  grain  of  the  latter.  The  effect  of  grain  size  is  aho 
by  the  following  experiments: ' 


'  Kie«,  TranB.  Amer.  Inst.  Min.  Eugrs.,  Vol.  XXXIV,  p.  20,'i,  1904. 


i*hit«  clay  from  Georgia,  having  a  fusion-point  equal  t< 
of  the  Seger  series,  was  made  up  into  a  series  of  mixtures  with  other 

^i^erals.    One  set  of  mixtures  consisted  of; 
A.  Equal  parts  of  clay  and   hornblende,  the  latter  being  ground 
pass  a  15(>-mesh  sieve. 
B.  The  same  as  A,  the  hornblende  passing  through  a  100-meah  sieve 
Knd  stopping  on  a  150-mesh. 
C.  The  same  as  A,  but  the  horablende  gniund  to  pass  an  SO-nieah, 
ut  retained  on  a  lOO-mesh. 
I  When  burneil  to  cone  5  the  three  were  little  affected,  except  that 

^hhc  one  with  the  finest  grains  was  colored  uniformly  red,  while  that 
with  the  coarsest  grains  presentwl  a  fi|>eckled  appearance.  When 
burned  to  cone  8  the  bar  of  mixture  A  was  couBtUerably  bent  at  both 
ends,  while  that  of  B  was  nearly  straight,  and  C  was  perfectly  straight- 
At  cone  10,  B  was  thoroughly  fused  and  C  slightly  bent. 

This  seemed  to  show  well  the  effect  of  grain  size  in  the  case  of  horn- 
blende. The  object  of  taking  such  a  large  amount  of  fluxing  material 
■was  simply  to  get  results  at  moderate  temperatures.  A  second  simi- 
lar set  of  mixtures,  containing  calcite  in  place  of  hornblende,  gave  simi 
lar  results. 

Condition   of   oxidation. — Finally  it  is  found  that  the  same  clay 

Kill  fuse  at  a  lower  temi>erature,  if  in  burning  it  is  deprived  of  oxygen, 

it  will  if  burned  in  an  atmosphere  containing  p!enty  of  the  latter. 

Expression    of   fusibility —Several    investigators    have    aimed    to 

express  the  fusibility  of   a  clay  by  means  of  a  formula  based  on  the 

relation  of  fluxes  to  refractflry  element*,  fineness  of  grain,  or  density. 

Bischofs  formuJa. — One  nf  the  earliest  devc]o]Ted  was  that  of  Bischof  * 

whose  expression  termed  the  Friierfcsttgktifs-Quolieni  is  as  follows: 


1 


F.Q.= 


(0.\ygen  in  Al^Oa)^ 

(Oxygen  in  HO)  (Oxygen  in  SiOaJ' 


I 

^rte  which  RO  represents  the  sum  of  the  fluxes,  each  considered  as  the 
protoxid.     The  F.Q.  may  range  from  a  small  decimal  to  25. 

It  will  be  seen  from  this  formula  that  the  fusibility  of  clays  varies 
directJy  as  the  square  of  the  oxygen  in  the  alumina,  and  inversely  as 
16  oxygen  in  the  fluxes  anil  silicu,  and  Bischof  concluded  that  the 
.mount   of  alumina   in  a   rlay   pniclically    influenced   its  fusibility. 

Bischof,  on  the  basis  of  ibis  formula,  cliLssificd  fire-clays  into  seven 
yi>es  or  groups,  in  which  the   most   refractory  has  a  value  for  F.Q. 


'  Die  feucrieetCD  Tbone,  p.  116. 
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of  14,  and  the  least  refractory  that  is  used  for  fire-brick  lias  a  vsl' 
of  1.6.  He  selected  seven  type  cla)'s,  which  he  considered  represent; 
tive  of  each  of  these  groups. 

The  objections  to  Bischof's  formula  have  been  clearly  stated  bj 
Wheeler '  as  follows: 

"1.  That  while  an  increase  in  the  percentage  of  alumina  decresafl 
the  fusibility,  when  it  becomes  very  high  it  acts  the  part  of  an  k\ 
instead  of  a  base  and  tends  to  lower  the  fusing-point,  or  the  revei 
of  Bischof's  formula  when  this  jioiiit  is  rejichcd;  neither  docs  the  fuai 
bility  decrease  when  the  alumina  is  in  moderate  amounts,  at  the  lapi 
rate  of  the  square  of  the  alumina. 

"2.  When  the  silica  Is  present  in  am*junts  greater  than  a  monfl 
silicate  (which  is  nlwaya  the  case  with  clays),  the  fusibility  deer 
as  the  silica  increases,  which  is  just  the  reverse  of  Bischof's  formula 

"3.  A-s  a  bniad  rule,  the  fusibility  increases  as  the  bases  increaai 
at  least  to  the  extent  that  they  occur  in  clays;  but  there  is  a  very  gret 
range  of  fusibility  according  to  the  bases  that  are  present.  The  alka- 
lies are  more  readily  fusible  than  the  ferrous  oxide,  and  this  in  turn 
than  the  Hmc  or  magnesia.  Again  a  mixtuxe  of  bases  is  more  fusible 
than  a  single  base,  and  the  greater  the  number  of  bases  the  greatec 
the  fu.'jibinty.  Bischof's  formula,  however,  pays  no  attention  to  tbs 
bases  present,  or  the  number  <)f  them, 

"4.  Again  equal  weight  is  given  to  all  fluxes,  and  all  physical  facton 
are  ignored. 

Seger^s  formula.— H.  Seger,^  recognizing  the  unsatisfactory  character 
of  Bischof's  formula,  suggested  the  following  sulwtitute: 


_  (Al2Q3)2    ,  AlaOa 


While  this  formula  gives  better  results,  it  likewise  neglects  poroeityj 
and   texture. 

Wheeler's  formula. — Wheeler  ^  has  suggested  a  formula  for  expressin, 
the  relation  l>et\veen  the  detrimentals  and  non-detrimental  constitu^ti 
of  a  clay,  which  he  terms  the  FusU}iiity  fact(xr    It  is 


F.F.= 


N 


D  +  D" 


'  Mo.  r,eol   Siirv.,  Vul.  XI.  p.  14ft.  1896. 

» Collected  Writings  of  Scger,  Translation,  I,  p.  480, 1902. 

>  Mo.  Geol.  Surv.,  Vol.  XI,  p.  149,  18»a. 
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[ia  whirh  K  =  sum  of  totu)  silipa,  itliimina,  titnnic  uoid,  water,  und  car- 
bonic acid; 
U  =  tfltiil  fluxes,  imniely.  alkulif^,  in>n  oxide,  lime,  niugnuftia; 
D'  =  sum  of  alknlir,s. 
This  fomiuin  makcfi:  no  dlslinctiou  between  free  and  combined  silica 
and  as.'Jiinics  that  silioa  in  a  free  stale  does  not  ai't  as  a  Ihix.     The  ulkulies 
arc  added  twice,  because  of  (heir  supposwt  grenter  liuxiu^  power.     Tbis 
formula  is  applicable  however  only  lo  clajs  which  arc  pliysically  alike. 
For  ihnsp  of  dilTering  physical  i)roi>erties  Wheeler  suggests  tlie  fusi- 


[C  having  these  values:  C 


^  bility  factor 
BC  havir 

^^  "Whi 


'1   when   rlay  i.s  coarse  grained  and  specific 
gravity  exceeds  2.25; 
U=2  when    chiy  is  ct>ai-se  grained  and  spwrific 

gravity  ranges  from  2  to  2.25; 
C=3  when   clay  is  coarse  grained  and  specific 

gravity  ranges   from    1.75  to  2.{I0; 
C=2  when   clay   is   fine  grained   and    sperifio 

gravity  is  over  2.25; 
C*=3   when   clay    is   fine   grained    and    s])eeific 

gravity  is  from  2  to  2.25; 
C=4  when  clay  i.s  fine  grained  and  specific 
gravity  ih  from  1.75  to  2.25. 
AVhile  tbis  fommla  is  a  step  in  the  right  direction,  it  is  not  altogether 
sati-sfaclory,  as,  for  cxanipJe,  the  values  are  not  specific  because  there  is 
no  accurate  mctlnxl  t»f  cxprcssinji!:  the  fineneas.  Moreover,  the  specific 
gravity  is  not  the  tnie  specific  gravity. 

There  w,  after  all,  some  question  in  the  author's  mind  whether  a 
formula  involving  the  necessity  tjf  at  least  a  chemical  analysis  and 
.■sijecifii-gravity  determination  is  any  more  valuable  than  ii  statement 
of  the  actual  temperatui-e  or  cone  of  fusinn. 

Methods  of  Measuring  Fusibility 

The  methods  used  for  measuring  the  fusibility  of  clays  may  be  divided 
into  two  cliisses,  namely,  the  direct  and  indirect. 

Direct  methods.— The  temperature  at  which  a  clay  fu.«es  is  determined 

either  by  means  ol  test-pieces  of  known  composition  or  by  some  form 

I  t>f  apparatus  or  mechanical  pyron^eter,  the  principle  of  which  depends 


i 
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oil  tkc  tixj^aii&iiou  Lit' jiiisos  or  solids.  tlic]'jnoclei*trii'ity,Ki>ectrnpbulomeU3', 
etc. 

While  lliere  are  many  differpiU  fiorns  of  these  on  the  market  ?t  (r 
only,  especially  those  which  have  been  most  commouly  used,  need 
<le8rrib«d. 

Seger  cones. — These  tost-piores  r(»nsi?t  nf  n,  serie?  of  mixiurcf  of 
fhi}s  with  fiuxes.  si)  grudeci  that  they  repN-eeiit  h  series  of  fiifiion-p*>imi. 
earh  l)einff  but  a  few  lieKPee.s  hipher  thiin  the  one  next  to  it.  They  we 
so  fiillotj  ixH'nuHo  nri^iiiilly  iiitnxiwrrd  l>y  If.  Se^er.  »  flernmn  i-prann-t. 
The  iniiEerials  which  he  used  In  makiits  t)H'in  were  such  a*-  would  tiait 
li  coiistant  fc>mp<)sition,  and  consisleil  of  wiishe*!  Zetrlitz  kaolin.  Korslranil 
feldsfjjir,  Nnrwetrian  (piartz.  C'arniru  niurble,  and  pure  ferric  oxide. 
IVmc  1  rin'll.s  at  iho  same  temperature  us  an  alloy  compoiied  of  ow 
part  of  plat  inuni  and  nine  parts  of  gold,  or  at  I  !3tf*  C.  <24(J2'*  h\).     Com 


7  8  Q  10      -  _  .  is> 


K»).  ;M.  -S«';g('r  (THieM  UJird  for  dfrtyniiiuiiig  hrat  i*JTimM?i  in  kihiis.  Now.  7  nitd  9 
were  ninipletply  mell«(l;  Xo.  10  wax  slifchlly  mftoueii;  No.  12  wjik  tiimffrvmU 
N«».  9  wa.H  I>en1  fompli'tply  over,  hut  not  nieltrfJ.  'I"hc  rufting-point  of  con*  # 
wn»  reached. 

20  inelt.s  lit  lite  highe-^t  temperalvire  ohtiiinetl  in  a  porcelain  furnncc, 
or  at  liiSO*^  C.  (27SG'*F.).  The  difTeretice  between  any  two  sUccessiv 
nHnil)er8  is  20°  C.  (:W>°  F.).  and  the  upix-rjuember  of  the  serie.s  is  cone  SH, 
('tine  36  is  cunipowed  of  a  very  refractory  rlay  slalo.  while  cone  35  u 
oonipi»se<l  «if  kar^lin  from  Zettlilz.  lioheniia.  A  lower  series  of  nmnliers 
was  jjroducetl  b\'  Cramer,  «»f  Berlin,  who  mixer!  i>or«oic  arid  wtth  the 
materials  already  inentioited.  Hechi  4)Uttiinpci  Ftill  more  fusible  mixtun* 
by  addinf!;  both  boracic  acid  ami  lead  in  profMT  pif >|)ort ions  to  the  onno. 
The  result  is  that  there  is  now  a  series  of  »»1  miml>eTs.  ibe  fuRion-puiiii 
of  the  lowest  Ijeing  50<)°<'.  (1094°  I'.)  and  that  of  the  liidheHt  JWf.^C 
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(3470®  F.).  As  the  temperature  rises  the  cone  begins  to  soften,  and 
when  its  fusion-point  is  reached  it  begins  to  bend  over  until  its  tip  touches 
the  base  (Tig.  34).  For  praet  ical  purposes  these  cones  are  very  successful, 
though  their  ase  has  been  gomewhat  unreasonably  discouraged  by 
some.  They  have  been  much  used  by  foreign  manufacturers  of  clay 
products  and  their  use  in  ihe  United  States  is  increasing. 

The  composition  and  fusing-pointa  of  the  different  members  of  the 
series  are  given  below : 

^P  CoUPOBinON  AND  FcSINQ-FOtXTS  OP  SeOER  CoNES 

^^  Coiopcsitioo.  r/^'^-P^''^q, 

■.022     J0  5Na,0|  (2.0     SiOJ  ^^  ' 

■«>     JSi^PbCt     "^     •*'-».     ]?;?    B^;8;i !,•«  620 

.0-20    j°;»«f^{    0.2    AUO.   \il   «;g;j 1,202  uo 

•■"«    '^.r^l   »=»   A1.0.   \il  |;g;) i,2« 

■.«»«  !S;t  hSI  »•"  ^-.o.  (i:o  Bio;! '.a")        -'o 

Jo.v  joj'j^st  »-  •^'.«.  \li  b':8:! '3^ 

^•"®     (OS  FliO)     "  '^^  '^V-''     |1.0    R,0,! '■^"'  ^'° 

o's  !S:Pp"tSi  »«  ^'.o-  !?;o  fiiS;! '.^-^       «» 

■0.3  %V^  or     AI,0.  J3  J    8ia| ,^  3^ 

»012  Jgi'i?^!  0.75  A1.0.  jj^    ,f;0;j 1,834  890 

on  \ir^-^\  0.8     AUO.  S?:»    «;8;i 1,688 

n,A  i0  3K,O>  0  2    Fe,0,  i3. 50  SiOJ  . -,^ 

tW       io.7   CaOi    0.3    Al,0,    io.45  B,0,i ^'""  ^" 

p„_       \0  3   K,0>    0.2    FcA     S3  00  SiOJ  ,  g, ,  ^^^ 

-OS       Jo. 7    Caol     0.3     A1,0.     ^0  -10  B,0,i ^'**^*  ^"^ 

,._  ^0  3K,Of  0.2  Fft,0,  ;3. 65  SiOJ  j  g^g  j^io 

•07  ^0.7    CuOi  0.3  AI,0,  )0.:t5BAi '  *"**^ 

.^  \0  3K,0)  0  2  Fep,  i3  70  SiOJ  j  ggg  ,  «,„ 

*^  [07CaOi  0.3  A1,0,  (0  30  B,0.i *'*'*  *'"'*" 

JO  3    K,0)     0.2     Fe,0,     J3. 75  SiOJ  ,  ««  .j,^ 
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Sna"'                                                               C<nnpo«tion.  .'f-'^'^-K^ 

-,  J0.3  K,0)  0.2  Fe,0,     J3.80  SiOJ  ,  g^g  ,^ 

'^  io.7  CaOi  0.3     A1,0,    io.20  B,0,) *  "^ 

^o  J0.3  K,0)  0.2  Fe,0,     J3.85  SiO.)  ,004  i«io 

•^  io.7  CaO!  0.3     A1,0,     J0.15B,O,J *'®^  ^^ 

02  )0.3  K,0)  0.2  FeA     ^3.90  SiOJ  ^^^  .  ^^ 

•^-^  jo. 7  CaOi  0.3     A1,0,     (0.10  3,0,) '  ' 

n,  JO. 3  K,0)  0.2  Fe,0,    J3.95  SiOJ  «««^  .  ,„ 

•°1  io.7  C^Oi  0.3  Mfil    J0.05B.O,i 2.066  1.130 

-  J0.3  K,0)  0.2  Fe,0,     K    g-Q  3 . „2  1  ISO 

*  jo. 7  CaO!  0.3     A1,0,    j*  **'"• '^'^"'^  *'** 

2  J0.3  K,Oj  0.1  Fe,0,     K   g-^  ^.33  ,^ 

a  10.3  K,0)  0.05  Fe A    K  g.^  0174  1  im 

8  io.7  CaOi  0.45  AI,0,     j^  «'"» -'"4  1.190 

4  jg;?  ^2j  0.5  AlA4SiO, 2,210  1.210 

fi  |o;7  ^o!  ^'^  Al,0,5SiO, 2,246  1,230 

6  jg;5  ^l^\  0.6  AlAOSiO, 2,282  1.250 

7  l©:?  Caoi  ^"^  Al,0.7SiO, 2,318  1,270 

8  jg;f  ^o!  **^  AI,0^iO, 2,354  1,290 

9  ISlI  Caoi  0  9  AUO,9SiO, 2,390  UIO 

1**  So!?  Cao!  ^-^  AlAlOSiO, 2,426  1,330 

11  lo:?  Cao!  1-  AlAl2SiO, 2,462  1,350 

12  JS:?  Cao!  ^  *  AlAHSiO, 2,498  1.370 

13  IS:?  Cao!  1  ft  AlAlOSiO, 2,534  1,390 

"  jo:?  Caol  1^  AlAlSSiO, 2,570  1.410 

15  jo:?  Cao!  2.1  AUO.21Si0, 2.606  1,430 

16  I0.7  ^^o|  2.4  Al,0;24SiO, 2.642  1,450 

1"  lo:?  Caoj  2-7  AlA27SiO, 2,678  1,470 

18  lo.?  Cao!  31  AUO^SlSiO, 2,714  1,490 

1«  So:?  Cao!  3.5  Al,0,35SiO, 2,750  1,510 
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^       (.V>MI'0**ITION   AND    P't'-lNil-rOlSTS    OF   t?EOEIt   C'uNLW — {CGtUmurii) 
""  C<Hii|i«>«tli<in.  op  eQ^ 

!o'7    vto\     •*  **    Al.O^OSiO, 2,786  1A30 

Sot  o;n!    '  '  •^'A"*<**>". '-i^-i  1.550 

IS:?    C»ol      '   ■'    -^'A^«^i*>. 2.858  J.a70 

IS:?    Cjoi     =  ■*    A'AM»i^, 2,8&4  1.5tH) 

JO  7    Cnoi     '*  "    •^'r<M''*>'^i'^ 2.!I30  1,010 

!o  7   ci)\     ** '*   .^,l*,«Mi!^il^ ■*fA««  1.630 

loT    Cno!     "  -    A],0,7a8iO, ;MK«2  ».«50 

lo  7    &ol     -'*     Al/*/-^OOSi(>, 3,0:}8  1  ,fi7(> 

Al,0,    10      Sit>,   :j.n7^  l.tMW 

M,0,     8      SiO,   3.1  in  1 ,710 

AI,0,     <i      SiO,    3.1-IB  1,730 

Al.* t,      5      SiO,    .t.l82  l,7E0 

AI/1,      i       SiO,   3,218  1 ,770 

Al,0,      :i      Sit).    3,254  I,TflO 

A1,0,      2.0  SiO,    330  1.SI0 

A1,0,      2      SiO,    ..,.. 3,3-'0  I .KiO 

A\J0,      I .  a  SiO,    3;W2  1  .«*•() 

:iZ9ii  I  «so 

.'H31  1910 

»'                    3.470  1,1M0 

In  rictiiai  use  tliey  ait*  placpil  in  llip  kiln  at  u  puiiit  where  tlpey  ciui 
e  waU'hoi  llinn]);h  a  iieep-liole  (Ki;;.  ^I'j).  bm  at  the  same  lime  uilt 
at  recei\o  the  lUreet  much  of  the  tlanie  from  the  fuel.  It  is  always 
ell  to  put  two  f>r  more  c-niios  r>f  different,  nurnbei"s  in  (lie  kihi.  *>  thnt 
arniiif^  can  be  hiul.  not  only  of  the  end  point  of  tiring  but  alsu  ki(  the 
ipidity   with   wliirh   the   temperature   is  rising. 

In  detpnnininK  the  proper  rone  to  use  in  burning  any  kind  of  ware, 
(verul  cones  ure  put  in  the  kibi,  us,  for  example,  numbei's  .OS,  1  and  5. 
■  .08  and  1  itre  Imnt  over  in  burning  and  5  is  not  afTeete<l  the  tem- 
^rjitui-e  of  tlie  kibi  is  Jiotweeii  1  and  5.  The  next  time  numben*  2, 
,  and  4  are  put  in.  jind  2  und  .'i  uniy  l>e  fused,  but  4  reui(un.s  unaffertefl, 
idicating  thnt  the  temperature  reached  the  fusing-point  of  3. 

While  the  tenifxrature  of  fusion  of  eaeh  roue  is  given  in  tlie  pro- 
wling Inblp.  it  must  not  be  umlerstood  thai  these  iMines  are  for  tueasur- 
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in^  ttMiipcrature,  hul  mlher  for  measuring  pynH-heiiiieal  effects.  Tliu 
if  certairi  changes  are  produced  in  a  clay  at  the  fuslng-point  of  coneSJ 
tlio  siifiie  chnnges  can  be  rcproflnrprl  at  the  fusion-point  uf  this  rnnrJ 
allhoUKh  the  actual  tcinjwralvire  of  fusion  may  vary  sotnewhat,  du 
to  variation  in  the  conilitinn  of  the  kiln  atmosphere.  As  a  matt«r  tif 
fact,  however.  repcut<'(l  tcsis  witfi  :i  t herinoeleci rir  pyrometfr  detiinri-j 
slrute  that  the  C4jnes  c-orntiumly  ftise  cliise  to  the  thcoretii'  teni|)eratuiie*.J 
Manvtfttctiirers  occasionally  claim  that  the  cones  are  unreliable  &ndl 
not  satiRfaclory^  forgetting  timt    their  iiiisuse  may  often  Ix*   (he  truel 


Fi<5.  3"!. — Sfction  of  kilu  showing  mefhrnJ  of  plnfing  Soper  canw. 

reason  f<.ir  irregularities  in  llicir  l)elmvior.     It  is  unncocssarv,  perhj 
to  stale  tlini  certain  reasonable  precaiilions  ^lionkl  be  taken  in  usir 
these  test-pieces.    The  cones  are  commonly  fastened  to  a  brick  wit 
a  pitH'c  of  wet  clay,  and  should  Ite  ^ec   in  a  vertical  ptisition.     Afte 
being  placed  in  a  poi^itiim  w  here  they  can  be  easily  seen  lliroiigh  a  peep 
hole,  the  latter  should  not  be  opened  widely  during  the  burning, 
a  cold  draft  strike  the  cones,  and  a  skin  form  on  its  surface  and  inter-' 
fere  with  its  bending.     If  the  heat  is  raised  too  ra]>idly,  the  cones  vvhict^ 
contain  much  iron  swell  and  blister  and  do  not  bend  over,  so  that  l) 
best   results  arc  t>btainp(l  by  the  sh>\v  softening  of  the  cone  nnder 
gradually  rising  temperature.     Aside  from  this,  however,  trouble 
been  experiencwi  with  cones  Nob.  010  to  3,  which  may  act  irregviUrlj 
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exposal  for  any  length  of  time  to  sulphurous  fumes  from  the  fuel, 
in  burning  in  some  muffle-kilns,  where   there  is  not  a  free  circula- 
yn  of  air  in  the  muffle.    The  sulphuric  acid  appears  to  cause  a  vola- 
]ization  of  the  boracic  acid,  and  unite  with  the  lime  in  the  exterior 
'  the  cone,  forming  a  hard  skin  of  less  fusible  character  than  the  interiori 
phich  melts  while  the  outride  is  still  hard.     It  has  been  suggested  that 
the  composition  of  these  members  of  the  cone  series  be  changed.*    One 
pt  of  cones  cannot  be  used  to  regulate  an  entire  kiln,  but  several  sets 
hould  be  placed  in  different  portions  of  the  same.    One  advantage 
sensed  by  a  cone  over  trial-pieces  is  that  the  cone  can  be  watched 
trough  a  small  peep-hole,  while  a  larger  opening  must  be  made  to  draw 
Jt  the  trial-pieces.      If  the  cones  are  heated  too  rapidly,  those  con- 
lining  a  large  percentage  of  iron  arc  apt  to  blister. 

Zimracr^  has  pointed  out  that  with  slow  firing  in  a  large  biscuit- 
iln  the  cones  1-9  reached  a  melting-point  of  25®  to  ^O**  C.  lower  than 
bose  placed  in  a  small  trial-kiln,  whose  temperaturt?  increiised  faster, 
it  since  it  is  heat  effei-ts  and  not  degrees  of  temperature  tliat  we  are 
Deasuring,  this  makes  no  difference. 

The  cone  numbers  used  in  tlie  different  branches  of  the  clay-work- 
ing induatn.'  in  the  United  States  are  approximately  as  follows: 

Common  brick 012-01 

Hard-bumcd.  common  briek 1-2 

Buff  froitl  brick 5-9 

HoIk)w  bUxrks  mid  fireprrxifing 03—  1 

'leira  rotta 02-  7 

Cundtiitti 7-8 

White  earthenware 8-  9 

Fire  bricks 5-18 

Porcelain 1 1-13 

Red  earthenware 010-05 

Stoneware 6-  8 


Thennoelectric  pyrometer.— This  pyrometer  is  one  of  the  best 
struments  for  measuring  temperatures.  It  is  based  on  the  principle 
■  generating  au  electric  current  by  the  heating  of  a  thermopile  or  ther- 
moelectric couple  consisting  of  two  wires,  one  of  platinum  and  the 
other  of  an  alloy  of  90  per  cent  platinum  and  10  per  cent  rhodium. 
These  two  are  fiistened  together  at  one  end,  while  the  two  free  ends 
arc  carried  to  a  galvanometer  which  measures  the  intensity  of  the  cur- 
,rent.     That  portion  of  the  wires  which  Ls  inserted  into  the  furnace  or 

'  Trana.  Amer.  Cer.  Soc.  Vol.  II,  p.  60.  and  III,  p.  180, 
•Ibid..  VoL  I,  p.  23. 
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kiln  is  placed  within  two  porcelain  tubes,  one  of  the  latter  l>eing  smallt 
and  slidiag  within  the  other  in  order  to  insulate  the  wires  from  e&i 
other.  The  larger  tube  has  a  closed  end  to  protect  the  wires  from  i. 
action  of  the  fire-gases.  The  shortest  tubes  put  on  the  market  i 
about   15  inches  long,  while  the  longest  are  54   inches. 

To  measure  the  tenij>eratiipe  of  a  funiace  or  kiln  t!ie  tube  contami 
the  wires  is  placed  in  it  either  before  slartlng  the  fire,  or  else  duri 
the  burning.  If  the  latter  method  is  adopted,  the  tube  must  be  intrt 
iluced  very  slowly,  to  prevent  its  beinR  cracked  by  sudden  heatin 
The  degrees  of  temperature  arc  measured  by  the  amount  of  defleclii 
of  the  needle  of  the  palvanometer. 

Thermoelectric  pyrometers  arc  useful  for  measuring  the  rate  ; 
which  the  temperature  of  a  kiln  is  risingj  or  for  delecting  flueiuatioi 
in  the  same.  It  is  not  necessary  to  place  the  galvanometer  near  th 
kiln,  for  it  can  be  kept  in  the  office  some  rods  away.  Tills  pyroraet4 
is  not  to  be  used  as  a  substitute  for  Seger  cones,  but  to  supplement  lliea 
The  more  modern  forms  have  an  automatic  record ing-dc vice.  As  i 
pre-sent  put  on  the  market  the  thermoelet'tric  pyrometer  copts  a\MA 
$180,  and  the  price,  delii'acy  of  the  instrument,  and  lack  of  rcalizi 
tion  of  its  importance  have  all  tended  to  restrict  its  use.  Howeve 
many  of  the  larger  clay-working  plants  are  adopting  it.  as  it  is  Iwttej 
than  <»ther  forms  of  pyrometer  for  general  use  and  probably  more  accu 
rate.     It  can  be  used  up  to  1600*'  C.   (2912°  F.). 

Wedgewood  pyrometer. — This  pyrometer,  which  has  been  USM 
from  time  to  time  in  ceramic  establishments,  depends  on  the  shrinkag 
of  clay  cylinders,  whose  contraction  is  supposed  to  be  proportionate  lo 
the  temperature  to  wliit'h  they  are  exposed.     Their  Whavior  is  unretiahtc. 

Lunette  optical  pyrometer. — This  consists  »)f  a  small  telescope  ion- ' 
taining  a  quartz  plate  between  two  Nicol  prisms.  When  looking  at  6 
hentcxi  body  through  it  one  of  the  prisms  is  revolve*.!  until  the  red  color 
changes  to  yellow,  then  green,  and  lastly  blue.  The  angle  of  rotatiriD 
necessary  to  extinguish  the  red  is  measured,  and  the  temperature  detcr- 
minetl  by  this  means.  It  is  only  approximate  in  its  recording  actio* 
and  rather  unsatisfactory  in  its  work. 

ClassificatioQ  of  clays  based  on  fusibility.' — The  fact  that  diffcrenl 
clays  fuse  at  different  tenipernturcs  makes  it  possible  to  divide  them 
into  several  different  groups,  the  divisions  being  based  on  the  dcgw 
of  refractoriness  of  the  material.  Such  a  grouping,  however,  is  more 
or  less  arbitrary,  since  no  sharp  natural  lines  can  be  drown  between 
the  different  groups,  and  it  is  to  Ix;  ex|>cctcd  that  no  grouping  pro- 
'  N.  J.  Geol.  8urv..  Fin.  Kept.,  VI,  p.  100. 
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rl  will  meet  wilh  universal  approval.    The  following  classification 
adopted  by  the  author  in  studying  the  New  Jersey  fire-clays: 

1.  Hishly  refractory  clays,  those  whose  fusing-point  is  above  cone  33. 
)nly  the  best  of  the  so-called  No.  1  fire-clays  belong  to  this  class. 

2.  Refractor)'  clays,  those  whose  fusion-point  ranges  from  cone  31- 
3  inclusive.  This  gnnip  includes  some  of  the  New  Jersey  No.  1,  as 
reJl  as  some  No.  2  fire-clays. 

3.  Semi-refractory  clays,  those  whose  fusion-point  lies  between 
ones  27  and  30  inclusive. 

4.  Clays  of  low  refractoriness,  those  whose  fusion-point  lies  between 
!ones  20  and  26  inclusive. 

5.  Non-refractory  days,  fusing  l.>clinv  cone  20. 

Indirect  methods.— There  are  several  indirect  methods  of  deler- 
oining  temperatures,  but  that  of  Blue  ho  f  ^  is  perhaps  the  l>est  known. 
This  consists  in  increasing  the  refractoriness  of  weighefl  samples  by 
idding  to  them  increa-sing  ijuantities  (if  an  intimate  mixture  of  equal 
>arts  of  chemically  pur*;  silica  anil  alumimi,  and  hejiting  them  with  a 
>rism  nf  Sanruii  firen-liiy  (whose  fusiiig-jmirit  i.s  Segcr  cone  36)  to  above 
the  melting-pnint  of  wrought  iron.  The  amount  of  the  mixture  required 
to  tone  the  clay  up  to  the  same  refractoriness  us  the  standard  indi. 
cates  its  quality.     It  was  used  by  Biw_'luif  t-liiefly  Utr  refractory  clays- 

Hofnian  and  Demond  -  tried  the  method  (>f  mixing  various  samples 
of  fire-clays  with  varying  proportions  of  calcium  carbonate,  and  cal- 
cium carbonate  and  silica,  to  render  them  fusilile  at  temperatures 
below  the  melling-point  of  platinum,  while  common  brick-clays  were 
mixed  with  alumina  and  silica  to  decrease  their  fusibility,  the  object 
being  to  arrive  at  a  standard  temperature  at  which  both  refractory 
and  fusible  cKtya  could  be  tested.  The  results  obtained  at  first  were 
very  satusfactory,  but  subsequent  ones  did  not  result  as  was  dcsirep 
and  the  methoti  !iad  to  be  abandoned. 

More  recently,  however,  this  method  has  been  tried  by  J.  L.  Newell 
G-  A.  Rockwell  with  much  better  results.*  In  these  last  experi- 
ments the  Seger  cone  2G  was  used  as  a  standartl,  as  it  was  regar<icd  as 
forming  the  line  between  refractory  and  non-refractory  clays,  the  ni>n- 
pefrnctory  ones  being  toned  up  until  they  showed  the  same  behavior 
in  the  fire  as  cone  26.  The  amount  of  toner  added  then  gave  an  idea 
how  far   the  clay  stood  below   the  lower  limit  of  refractoriness. 

The  silica  used  in  the  experiments  was  quartz,  ground  to  pass  a 

•  UinglerV  Tolyt.  Jour.,  Vol.  CXCVI,  pp.  43«,  525,  and  CXCVIII.  p.  39o! 
^    t  Trans.  Amer*  Irwt.  Min.  Engrs.,  XXV,  p.  3,  1896. 
H    Mbid.,  XXVIII.  p.  435,  ISi>9. 
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100-mesh  sieve  and  purified  bj'  boiling  in  nitrohydrochloric  acid, 
had  99. 8S  per  cent  silica.     Tlie  alumina  (contained  98.48  AI2O3. 

The  method  followed  was  tn  weiprh  out  samples  of  1  gram  of  the' 
clay  to  be  tested  and  mix  them  severally  with  O.I,  0.2,0.3,  etc.,  jenuns 
of  the  silica-alumina  mixture.     The  samples  were  then  tested  in  til 
Devitle  furnace. 

The  following  table  gives  the  results  of  the  experiments  just  dcscrii 
the  clays  being  arranged  in  the  order  of  tlieir  refraeioriness,  And 
each  case  the  amount  of  flux  being  given  tliat  was  required  to 
the  fusing-point  to  that  of  cone  26  of  Seger. 


Analyses  of  Cuvts  and  Rehults  or  Tests 


SftuiDki  No. 


SiO, 

A1.0, 

HjO  comb. 


Total. 


CttO. 
MgO. 
K,0.  . 
Na,0. 


Total 

Moisture 

Grand  total 

Stiffnuitig  ingredient.  ^ 


26' 


P«r  c«nt 

(>4 

10 

21 

7ft 

6 

05 

&1.B4 
2.51 

0  to 

0.58 
2.62 
0.03 


.5.S4 
1.10 


98.88 
20 


25  > 


Por  cent 

.55.  eo 

24  34 
6-75 


SB.  6ft 

6.11 
0.43 
0.7- 
3  00 
0.09 


to  40 
2.05 


99.74 

40 


3> 


Pwcem 

57.10 

21    29 

6.00 


84  39 

7.31 
0  29 
1.53 
3.44 
0.61 


13   IS 
1  30 


^.87 

60 


23' 


hi .  45 

21.  oa 

5.90 


84.41 

7,54 
0  29 
1.22 
3.27 
0.39 


12.71 
1.90 


99.02 

80 


341 


Pereent 

57    ]  5 

20  2» 

5  50 


82.91 

7.M 
0.90 
1.62 
3  05 
0  58 


13.69 
2.70 


99.30 
80 


33* 


4»  30 

24  00 

9.40 


82.70 

8.40 
0.56 
I  60 
3  91 
0  17 


14.64 
1.20 


08.54 
lOO 


IQSi 


43  94 

n  17 

3. SO 


59.01 

3.81 
11  U 

4  17 
2  90 
0  71 


<N.  W.  Loid&aal.         'E.  OiXon,  Jc.kDAl.         ■Inoludefl  CiV         •Iiiftlufle«  P}Ut0.tO%. 

Changes  Taking  Place  in  Burning 

The  changes  which  occur  in  burning  are  of  two  kinds,  chemica 
and  physical,  the  two  being  more  or  le-ss  closely  related;  in  fact  tht 
physica)  effects  are  often  the  results  of  chemical  changes. 

White  the  chemical  changes  are  much  the  same  for  all  clays,  stil 
they  vary  grpatHy  in  degree.  The  temperature  at  which  many  of  ttwsB 
occur  is  also  fairly  constant,  Imt  may  be  influenced  somewhat  by  th( 
composition  of  the  clay  and  the  fire-gases. 

The  changes  which  occur  in  burning  may  be  roughly  divided  inw 
three  stages,  termed  the  periods  of  dehydration,  oxidation,  and  vitri 
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icatioD,  each  of  whicli  ure  ciiaractorizal  by  certain  reactions,  but  there 
no  sharp  dividing-line   between   the  different  ones,  the  changes  of 
one  stage  Ix'ginning  before  those  of  tlie  preceding  stage  are  completed. 
Dehydration  period.— In  the  beginning  of  burning  the  last  traces 
t>f  moisture  are  driven  off.    This  vapor,  which  is  termed  water-smoke 
or  steam  by  the  briek-maker,  is  simply  the  moisture  which  has  been 
retained  in  the  pores  of  the  clay.     Its  expulsion  results  in  a  slight  loss 
of  weight.    Tlie  driving  f>ut  of  the  moisture  is  facilitated  by  raising 
the  heat  slowly,  and  by  allowing  sufficient  draft  to  pass  through  the 
^iciln  in  which  the  clay  is  being  burned.     Raising  the  temperature  too 
^Kfast  expels  the  sLcam  too  quicrkly  and  causes  a  popping  of  the  brick. 
^B       On  the  other  hand,  u  stopping  or  retardation  of  the  draft  results 
^Hn  a  saturation  of  the  kiln  utniuspherc  with  moisture,  and  its  depo- 
Hvition   on   the  surface   of   the   ware,    producing   the   effect   known   as 
'      '* scumming "  or  "whitewashing."     This  i.s   i-auscd   in   this  way:    All 
bituminous  coals  contain    some  sulpfiur,   wliich  on   burning  is  given 
off  in  the  fonu  of  sulplmnias  gas,  and  is  then  absorbed  by  the  con- 
densed moisture  on  the  surface  of  the  ware.     The  acid  solution  thus 
formed  attacks  certain  salts  (especially  lime)  in  the  clay,  fonning  soluble 
sulphates,  which  are  left  as  a  white  scum  on  the  surface  of  the  ware 
when  the  moisture  evaporates.     Sul[jliur  in^  a  ilry  atmosphere  would 
cause  but  little  harm.     It  is  therefure  desirable  to  use  a  fuel  for  dehy- 
dration which  contains  as  little  water  and  sulphur  as  possible.    This 
is  often  a  difficult  matter,  for  most  soft  coal  lias  much  of  both,  and 
wood  contains  water.    Coke  and  charcoal  are  good,  but  their  use  is 
not  always  economically  practicable. 

From  the  point  at  which  the  water  evaporates,  up  to  45(1° C.  (S42°I''.), 
there  is  practically  no  change,  unless  gypsum  is  present,  and  this  will 
lose  most  of  its  chemically  combine<l  water  between  3tX)**  C.  (572**  F.) 
and  4iiif  C.  (762°  F.).  The  amount  of  loss  in  this  manner  is  usually 
so  small  as  to  be  negligible,  but  at  this  point  the  expulsion  of  the  chemi- 
cally combined  water  begins  and  is  practically  complete  by  700°  C. 
(1292°  F.\  that  is,  it  begins  at  a  very  dull  red  and  is  completed  at  a 
bright-red  heat. 

Before  tlie  dehydration  of  the  water  is  completed,  however,  other 
gases  begin  to  pass  off,  including  CO2  from  lime  and  iron  carbonates, 
sulphur  fmm  pyrite,*  and  gases  produced  by  the  combustion  of  carbon- 
aceous mutter  in  the  clay,  but  all  of  these  may  not  have  passed  off 
after  the  dehydration  of  the  clay  is  ende<l.     Moreover  the  expidsion 

'  Pyrtl«  losea  only  a  portion  of  its  sulphur  at  thia  temperature,  the   balaaoe 
"'ng  off  later. 
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of  some  of  them  requires  the  presence  of  oxygen,  so  that  the  periods 
of  dehydration  and  oxidation  overlap. 

Oxidation  period. — In  the  oxidation  process,  which  may  begin 
at  a  comparatively  low  temperature,  as  low  as  500°  C.  (932°  F.),  and 
is  probably  completed  by  900°  C.  (1652°  F.),  t^e  following  changes 
take  place : 

1.  The  oxidation  or  burning  o£E  of  the  combustible  matter. 

2.  The  expulsion  of  the  remaining  sulphur  from  pjiite. 

3.  The  driving  off  of  carbon  dioxide. 

4.  The  oxidation  of  any  ferrous  iron  to  the  ferric  condition. 
Two  things  should  be  borne  in  mind  in  this  connection: 

1.  Oxidation  may  be  accomplished  without  the  aid  of  heat,  the 
process  going  on  slowly  when  the  clay  is  exposed  to  the  weather.  Id 
this  case  both  FeS2  and  FeCOa  may  be  changed  to  the  oxide,  and  even 
organic  matter  may  be  partly  eliminated. 

2.  The  porosity  of  the  clay  materially  affects  the  process,  a  loose, 
open-textured  clay  allowing  these  changes  to  take  place  more  readily 
than  a  close-textured,  fine-grained  one,  which  retards  the  entrance 
of  the  oxidizing  gases  into  the  mass.  Grog  is  sometimes  added  to 
open  the  grain. 

From  this  we  can  see  that  the  prraence  of  much  air  mixed  with 
the  fuel-gases  facilitates  ^he  removal  of  combustible  elements  in  the 
clay,  especially  organic  matter.  Since  air  carrying  oxygen  is  necessary 
to  help  in  removing  them,  it  follows  that  the  clay  must  be  sufficiently 
porous  to  allow  the  air  to  penetrate  it.  Now  if  the  expulsion  of  the 
water  in  the  clay  is  retarded,  thereby  keeping  the  pores  of  the  clay 
more  or  less  closed  up,  it  may  retard  the  expulsion  of  other  gases,  some 
of  which  may  be  retained  in  the  clay,  until  the  rising  temperature  has 
sealed  up  the  pores  by  vitrification.  Thus  imprisoned,  and  subjected 
to  a  rising  temperature,  they  may  by  expansion  bloat  the  ware.  A& 
pointed  out  by  Beyer  and  Williams,^  it  is  not  definitely  known  what 
gases  become  thus  imprisoned,  but  they  may  be  CO2,  or  SO2,  and  some 
have  suggested  that  oxygen  liberated  by  the  reduction  of  iron  to  the 
ferrous  condition  may  also  aid  in  bloating  or  blistering  the  ware. 

In  burning  bricks,  for  example,  if  the  ware  is  raised  to  a  vitrifying 
heat  before  oxidation  is  complete,  the  iron  in  the  central  part  of  the 
mass  remains  in  a  ferrous  condition,  forms  a  black  core,  which  if  the 
heating  continues  becomes  slaggy.  Any  imprisoned  carbonaceous  matter 
will  become  finally  decomposed,  and  the  expanding  gases  swell  up  the 
clay  in  their  efforts  to  escape. 

'  la.  O.^ol.  Surv.,  XIV,  p.  27S,  1904. 
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During  the  tomperature  inter\'al  in  which  dehydration  and  oxida- 
tion wrur  there  are  few  or  nn  reactions  going  on  between  tlie  clay 
particles,  but  as  the  temperature  of  vitrification  is  approached  chemi- 
cal union  occurs  between  the  different  minerals  in  the  clay,  and  ns  it 
goes  on  involves  an  incrciising  number  of  elements  in  the  reactions, 
which  become  exceedinp:Iy  complex. 

The  clay,  if  red-burning,  will  show  a  much  brif^liter  color  at  the  end 
of  the  oxidation  period. 

Vitrification  period. — In  this  stage  texture  plays  an  important  role 
(see  under  Fusibility),  for  in  finer-grained  clays  chemical  reactions 
are  more  wide-spread  and  take  place  more  e-asily  than  in  coarse-grained 
ones.  Increaaing  density  of  the  clay  and  increasing  homogeneity  of 
the  mass  produce  similar  effects. 

These  chemical  reactions  result  in  the  formation  of  silicates  of  ex- 
ceetiingly  complex  character. 

The  temperature  of  vitrification  is  exceedingly  variable,  being  as 
low  as  900"  C.  (1652°  R)  or  lOtX)"  C.  (1832°  F.)  in  some  clays,  while 
in   others  it   may   be   I20()°  C.    (2192°  F)   or  even   higher. 

After  the  clay  is  completely  vitrified  a  further  ri.so  of  temperaturo 
causes  it  to  swell,  soften  si  ill  more,  and  finally  run. 

We  may  therefore  summarize  the  effects  of  healing  as  follows: 

1.  Loss  of  volatile  substances  present,  such  as  water,  carbon  dioxide, 
and  sulphur  trioxide,  the  volatilization  of  these  leaving  the  clay  nioro 
or  less  porous. 

2.  Oxidation  of  ferrous  to  ferric  compounds,  if  oxygen  is 
present. 

3.  A  shrinkage  of  the  mass,  by  further  heating. 

4.  Hardening  of  the  clay  due  to  fusion  of  some,  at  least,  of  tn« 
particles. 

5.  Increasing  density  with  rising  temperature,  the  maximum  being 
reached  at  the  vitrifying  point  of  the  clay. 

6.  Complete  softening  of  the  mass. 

Effects  due  to  variation  in  the  clay.— Burned  clays  may  be  of  many 
different  colors.  Although  the  majority  of  clays  contain  sufficient 
iron  oxide  to  burn  red,  nevertheless  it  is  not  safe  to  predict,  from  the 
color  of  the  raw  clay,  the  shade  that  it  will  bum,  since  some  bright 
red  or  yellow  clays  may  yield  a  buff  brick.  If  considerable  iron  oxide 
ifi  present,  4  to  5  per  cent,  tlie  brick  usually  burns  red,  unless  much  lime 
or  alumina  is  alw)  present.  If  only  2  to  3  per  cent  or  under,  the  clay  may 
burn  white  or  buff.  .An  excess  of  lime  in  the  clay  will,  however,  counter- 
act the  effect  of  the  iron  oxide  and  yield  a  buff  brick,  but  a  brick  owiug 
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its  bufT  color  to  this  cause  wilt  not  stand  aa  much  fire  aa  one  tt*lucb 
owes  its  bufT  colnr  simply  to  a  low  percerxtape  of  iron  oxide. 

Where  a  clay  is  mottled,  as  red  and  white  for  iustaun?,  tiie  wtlora 
of  the  different  spots  will  retain  their  individuality  most  plainly  after 
liurning,  unless  the  clay  is  thoroughly  mixed.  Many  clays  contain 
lumps  of  whitish  clay,  mucli  tougher  than  the  rest  of  the  Diass.  These 
resist  disintegration  in  the  tempcring-muchines,  so  that  after  bumiAg 
iliey  can  be  plainly  seen,  as  white  spots  in  the  red  ground  of  the  brick. 

AVALYSES  SHOWING    DiFFF.REXrE    BETWKEN    UaW   ANti    FtHRXED  CUAY 


Sihcn  (SiO,) 

Aluiiiiua  (AljOg) 

l-Vrric  oxide  (t-CjO,).  . 

-Lime  (CaO) 

Maffneaia  (MeO) 

PotuHh  (Km 

Soda  (SiijO) 


Titanium  oxide  (Ti'*-') 

Water  (Hp) *. . 

Ciirljon  dioxide  (COJ. .  . 
S  ilphur  trioxido  (SO,). . 
Ferroua  oxide 


Total 

Total  fluxes. 


74,03 

17. If) 

.rj7 

AQ 
.2- 
.3Q 

.60 

i.as 

6.15 


too, 43 


J, 7ft 


II. 


78.5 

21.3 

tr. 


.1 
3 

witb 

iiunf! 


101. 1 


III. 


74.04 
16. tS 
.SO 
.50 
.27 
.A2 
1.12 

1,31 
t^OO 


m  31 


2,81 


IV. 


73.94 

20,47 

l.SO 

1.08 

1.16 

.61 

.64 


100.  M 


5-27 


V. 


49,45 

17   II 

3  45 

12  67 

1.77 

.13 

.31 

.70 
4.S4 
7,10 
2.00 


<J9.43 


18.23 


VI. 


va. 


56.6 
20  4 
6.2 
II. 7 
1.4 
15 
1   4 

with 
AJjO, 

none 
none 
notie 


56.5 

20  2 
6  1 

II. 6 
1.8 
15 
13 

«itb 

UUIM 

noiK 
noDC 
noM 


99.7 


99.1 


I.  Fironrlay  from  niit  mil#-  wiuihMuit  of  Sulphur  SpritigB,T«x-     O,  H.  Pnlni,  nnftlyst. 
II.   lirick  {mm  nuiic.     S.  H.  W'.rrrll.  luialyxt. 

III.  Fire-clnv.  AilirH-i,  1>«.     O.  H    I'slm.  nfuJyM. 

IV.  Fire-bnck.  -Vdiprm,  Trx.      O.  Ff.  Pitlni,  uniilyi.t. 
v.  Brick  sitnlr.  ["'nrri*,  Tbt.     O   H.  I'alui.  analyet. 

VI    Ilrick  (n>rii  nuiruj.     O    H.  P»lm.  aiuilytt, 
VU.  llard-bHTncI  hhck.     O.  H.  I'iilm,an«ly*t. 

The  normal  iron  coloration  may  often  be  destroyed  by  the  effecls 
cf  the  fire-gases.  When  these  are  reducing  in  their  action  (i.e.,  taking 
a  part  of  the  oxygon  from  the  ferric  compounds  and  reducing  Ihem 
to  ferrous  compounds)  the  red  eoltvr  inay  be  converted  to  gray,  or  e^'en 
bluisli  blacK,  if  the  reduction  is  sufficient,  so  that  in  some  district's  the 
bridts,  on  account  of  lack  of  air  in  the  kilns  and  carbonaceous  matter 
in  the  clay,  do  not  burn  a  very  bright  red.  Moreover,  other  things 
l)eins  e^ual,  the  higher  the  temperattire  at  which  a  clay  is  bumwl,  the 
-deeper  will  Ix;  its  color. 

The  -surface  coloration  of  a  burned  brick  may  often  be  different 
from  the  interior.  This  is  due  to  several  causes.  (1)  Soluble  sails 
jnay  accumulate  on  the  surface,  sometimes  causing  a  white  coaling 
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becaiis*  they  hnvc  Itoch  drawn  <iut  by  l!ie  p^'Aporatii'ii  af  the  water 
(luring  the  drying  on  the  brick.'  (2)  The  deposition  of  f<]reign  sub- 
stances by  the  fire-gases  may  eause  a  colored  R\&?.e.  This  is  es]>ef!iaUy 
seen  nn  the  ends  of  arch-briek,  imd  on  the  h&^  walls  of  a  down-draft 
kiln,  where  the  particles  of  ash  carrioti  up  from  the  fires  stick  to  the 
surface  of  the  hot  brick  and  cause  a  fluxing  action.  (3)  If  the  clay 
contaias  much  lime  carbonate,  rtnd  there  is  mucli  sulphur  in  the  coul, 
the  latter  may  unite  with  the  litne,  forming  sulphate  of  lime,  and  thereby 
prevent  the  combination  of  the  lime  and  iron.  In  this  case  the  center 
of  the  brick,  not  being  tlms  affectwl  by  the  gases,  may  show  a  buff  color, 
whereas  the  outside  has  another  lint. 

Loss  of  volatile  products  in  burning. — The  analyses  (see  table  on 
p.  1*)U)  giving  the  composition  of  several  clays,  and  the  bricks  made 
from  them,  are  interesting  in  showing  the  loss  of  tlie  voluttte  products 
in  burning. 

Color 

Color  of  unbumed  clay. — An  unburned  clay  owes  its  color  eonimonly 
to  some  iron  comptiund  <)r  carbonaceous  matter,  mf)re  rarely  manganese. 
A  clay  free  from  any  of  these  is  white. 

Carbonace<iU8  matter  will  color  a  clay  blue,  gray,  black,  or  even 
purplish,  depending  on  the  quantity  present^  3  per  cent  being  prob- 
ably sufficient  to  produce  a  deep  black;  clays  in  actual  use  having  some- 
times as  much  as  10  per  cent. 

Iron  oxkle  coh>rs  a  tlay  yellow,  brown,  or  red,  depending  on  the 
form  of  oxide  present.  The  greenish  color  nmy  be  due  to  the  silicate 
of  iron,  and  in  sfime  day  marls  of  the  Cretaceous  it  is  caused  by  the 
mineral  glauconite.  The  iron  coloration  is,  however,  often  concealed 
by  the  black  coloration  due  to  carbonaceous  matter,  and  it  is  sometimes 
more  or  less  difficult  to  make  even  an  approximate  estimate  of  the  iron 
content  in  a  clay  from  its  {•oh>r.  Thus,  for  example,  two  clays  have 
been  noted  by  the  writer  ^  which  were  nearly  of  the  same  color  and 
had  respectively  3.12  and   12.4t)  per  cent  of  ferric  oxide. 

There  is  often  a  marked  difference  in  color  between  the  wet  and 
the  dry  clay,  in  fact  such  a  difference  at  times  as  to  make  one  doubt 
that  they  are  the  same  material.  The  dry  clay  is  usually  of  a  lighter 
tint. 

Color  of  burned  clay. — The  color  of  a  raw  or  unburned  clay  is  not 
always  an  indication  of  the  color  it  will  be  when  burned.     Red  clays 

'See  "Soluble  S»lt«  in  Ciays,"  pp.  90  ct  seq. 

'4N.  J.  <Jeol.  Siirv.,  I'iuiLl  Rep<trt.  Vol.  VI,  p.  112,  1G04. 
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usually  burn  Ted;  (It'ep-yellow  days  inuy  burn  buff  or  red;  cli' 
ones  ('(Hiiiiionly  burn  retl  or  reddisli  brown;  white  clays  burn  w 
or  yellowish  wliite;  and  gray  or  black  ones  may  burn  red,  buff,  or  white. 
Gree!i  anew  usually  fhaiige  to  red  on  firing.  Calcareous  clays  are  often 
either  red,  yellow,  or  gray,  and  may  burn  red  at  first,  but  turn  oreain, 
yellow^  or  buff  aa  vitrification  is  approached,  and  show  a  greenish  yefc 
low  at  \'iseosity. 

An  excess  of  alumina  seems  to  exert  a  bleaching  effect  similar  t4 
that  of  lime. 

The  vitrification  of  ferniginoim  days  yields  browns,  greens,  and 
blacks,  due  to  the  formation  of  ferrous  silicates.^ 

Segcr  states  that  the  colors  which  a  burned  clay  may  show  depend 
on: 

1.  The  quantity  of  iron  oxide  contained  in  the  clay, 

2.  The  other  constituents  of  the  clay  accompanying  the  iron  (see 
Alumina  and  Lime). 

3.  The  composition  of  the  fire-gases  during  the  burning. 

4.  The  degree  of  vitrification. 

5.  The   tcmpenituro   at    which   tlie  clay   is   burned. 
The  .same  autliiu-  has  ulteniiJlcd  t(i  cltissify  clays  according  to  tbeu! 

color-burning  qualities  as  follows:^     , 


Group. 


rtuim^lvr  i)E  etay. 


Uigh  in  alumina  and  low  in  iron 

High  ill  aluiniim  and  moderate  imn  eontetir;^ 

Oiw  in  alumina  iirid  high  in  iron 

Iaiw  ill  aluiiunti  and  hii^h  in  irnti  and  liniu 


Cnlur  after  tiurninc 


White,  or  nearly  m 

Pale  yellow  to  pale  buff 

Red 

Cream  or  yellow 


Slaking 

When  a  lump  of  raw  clay  or  shale  is  immersed  under  water  ii  falls 
to  pieces  or  slakes,  the  pmcess  ceasing  only  when  the  clay  has  broken 
d(>wn  to  a  fine  powdery  mass.  The  lime  required  for  ibis  varies  from 
a  few  minutes  in  the  case  of  scjft  porcms  days  to  several  weeks  for 
tough  shales,  aiid  some  may  be  incompletely  disintegrated  even  after 
that. 

Tlie  slaking  property  is  one  of  some  practical  importance,  as  easily 
slaking  days  lemjjer  more  readily,  or  if  the  material  is  to  be  washed, 
it  disintegrates  more  rapidly  in  the  log-washer. 


'  In.  Cleol.  Surv.,  Vol.  \'IV,  p.  59.  1!KM. 
'Seger's  Collected  ^V^ting^,  Vol.  I,  p.  109. 
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Permeability 

An  interesting  series  of  experinienta  has  been  made  by  W.  Spring." 
who  finds  Hiut  clay  when  under  pressure  and  [lonfineiJ  so  tlmt  it  cannot 
expand  on  wetting  is  nearly  impervious  to  water;  under  such  condi- 
tions it  will  only  soak  up  enough  water  to  fill  the  pores.  The  percent- 
age nf  water  thus  absorbed  may  range  from  as  iow  as  3.37  per  cent  in 
f;la.>«-i>ot  clays  to  24, oG  per  cent  in  some  loams.  Wet  clay  under  pres- 
sure will  part  wirh  its  watfrr  even  thouf;h  the  mass  be  entirely  sur- 
rounded by  that  liquid. 


Adsorption 

By  this  term  is  meant  the  power  which  a  clay  has  of  removing  solid 
subst-ances  from  soluiions  with  whinh  it  is  in  cnntai^t. 

^H        More  than  fifty  years  ago  T.  Way^  noticed  that  clays,  and   soili 
with  a  ciny  b-ose,  possessed  oxtraordinan,*  powers  for  absorbing  water, 
but  that  in  ad<iiti<in  the  clay  substunre  exhibited  greater  facility  for 

^1  absorbing  the  bases  contained  in  certain  salts  which  were  dis.solvcd 
in  water.  This  action  was  also  selective,  certain  bases  and  substances 
being  held  so  tlmt  they  eoutd  not  he  wiLshed  out  again. 

H  Bourr}'^  stat-es  that  kaolins  do  not  absorb  more  than  2  per  cent  of 
calcium  rarlwnate  from  a  solution,  while  plastic  clays  can  absorb  from 
lU  to  20  per  cent  of  it.     More  recently  Dr.  Hirs<'h*  has  made  a  number 

^K  of  experiments  to  tc^t  the  amount  of  dissolved  salts  which  a  clay  can 
abfmrl)  when  stirred  up  in  a  solution.  He  found  that  clays  and  kaolins 
absorb  some  of  the  dissolved  salt,  because  after  settling  the  suptTiia- 
lant  liquid  had  a  lower  concentration  than  it  did  before;  but  sand  and 
burned  clay  do  not  show  this  power,  while  feldspar  and  marble  possess 
it  to  some  extent.  The  amount  of  salt  thus  absorbed  was  independent 
of  the  time,  and  the  removal  of  the  salt  ceased  with  the  settling  of  the 
clay.  It  is,  however,  dependent  on  the  kind  of  clay  and  kind  of  salt 
and  the  d^ree  of  concentration.  Thus  barium,  lead,  and  aluminum 
compounds  were  removed  in  considerable  quantities,  while  strontium, 
magnesium,  and  calcium  salts  were  absorbed  to  a  less  degree.    The 

»  Aim.  .ie  la  Soc.  gA)l.  da  Ikrlg.,  XXVIII,  1901. 

'  Royal  Ag.  fSoc.  Jmir.,   XI,  1880.     Quotod  by  Cusbnmit,  Trans,   Amer.  Cer. 
Soc.,  VI.  p.  7.  100-1. 

'TrcaliBOon  Cemmic  Industries,  p.  51,  1901. 
'Thomndnstric-ZoitunK.  Xo.  2l»,  1901. 


a 


164 


CLAYS 


acid  of  the  salt  seems  to  influenec  the  result  appreciubly.  Chlondes, 
nitrates,  and  acetates  are  absorbed  more  than  sulphates,  but  alkaJi 
salts,  except  the  carbonates,  arc  not.  The  higher  the  concenlTatinn 
of  the  solution  the  greater  the  quantity  of  salt  absorbed,  although  in 
a  weak  solution  all  of  the  salt  may  be  earricd  down.  The  conditions 
are  more  complicated  in  the  presence  of  several  salts;  thus  the  absorp- 
tion of  barium  chloride  is  decreased  by  the  presence  of  alkali  salts, 
acids  and  bases,  and  entirely  prevented  by  aluminum  chloride.  Sul- 
phates are  absorbed  in  the  presence  of  caustic  alkalies  and  acids,  while 
the  alkali  chlorides  seem  to  be  lackiiis  in  effect. 

Ex|jeriments  by  the  author  *  liave  also  shown  that  some  tanninsF 
as  gallo-taanic  acid,  are  absorbed  by  clay,  a  clear  filtrate  from  a  mix- 
ture of  gallo-tannic  acid  and  clay  giving  no  reaction  with  ferric  chloride. 

In  this  connection  it  is  of  interest  to  refer  to  the  observations  of 
Kohler ,2  who  finds  thnt  clays,  among  other  substances,  have  the  poww 
•of  abstracting  metallic  oxides  from  solutions  which  are  filtered  through 
.them. 

E.  G.  Sullivan,^  in  experimenting  along  these  lines,  found  that 
"ft'hen  a  solution  containing  100  cc.  of  water  with  252  grains  of  copper 
.as  the  sulphate  was  shaken  up  with  powdered  orth<wlase,  albite,  stiale, 
-or  microcliiie,  it  was  found  that  there  was  a  renaarkable  interchange 
of  bases  instead  of  absorption.  The  copper  entered  the  silicates,  add 
an  exact  molecular  equivalent  of  the  K^O,  Na-jO,  CaO,  M^O,  or  MnO 
went  into  solution.  The  feldspar  proved  much  more  efficient  than 
kaolin,  and  removed  from  60  to  lUO  per  cent  of  the  copper  from  ihe 
l.qutd. 

'  Tniti«.  Aaier.  Ceriun.  Soc,  VI,  p.  44,  ItJOti. 

'  .\dBorpiioa£prozoitsc  aU  Kukturcn  dor  L.ugcreit&itcnbilduDg  uuci  LilbogQoeai 
Zeitsclir.  fiir  prakt.  Geologic,  Fi^b.  1!K};},  p.  40. 

*  The  Chemistry  of  Ore  DepOHicioti,  Jour,  Atuer.  Chem.  Soc.,  XXVll,  p.  976 
and  Kconoraic  Gcologj-,  I,  p.  07,  1905. 


Kaolins 

This  term  as  commonly  used,  and  it  geems  to  the  author  the  cor- 
rect way  to  use  it,  refers  to  those  wiiite-burniag  clays  of  residual  char- 
acter,* wliich  are  composed  mostly  of  silica,  alutiiina,  and   chemically 

■  (x)mbined  water,  and  have  a  very  low  percentage  of  Huxing  impurities, 
especially  iron.  In  this  country  they  have  been  formed  chieHy  by 
the  weathering  of  pegmatite  veins,  and  in  rarer  instances  from  feld- 

■  ^ftthic  quartzites^  limestone^  and  talcose  schists.*  There  are  some 
other  occurrences,  as  those  of  Edwards  County,  Texas,  and  the  indi- 
anaite  of  ludianaj^  whose  exact  origin  does  not  seem  satisfactorily 
proven. 

In  Europe  they  have  been  formed  by  the  alteration  (in  most  cases 
probably  by  weathering)  of  other  rock  types,  especially  granite  and 
quartz-porphyry. 

The  mcxle  uf  origin  of  kaolin,  and  changes  accompanying  Bame^ 
have  been  discussed  on  another  page  (p.  S),  and  it  n<'e»l  simply  be 
repeated  here  that  kaolins  formed  by  weathering  will  grade  downward 
into  the  parent  rock,  while  the  depth  of  those  caused  by  fluoric  action 
will  depend  on  the  depth  of  the  parent  rock  and  the  extent  of  the  path 
through  it  of  the  kaolinizing  vapors. 

'  Th*  white-biiminK  sedimentary  clays  found  in  the  coastal  plain  area  of  the 
8outhem  Atlantic  Stnips  iiri'  fti  limes  i«nned  kaolins,  but  it  would  spem  wiser,  per- 
haps, to  t'Orm  these  pl/sMic  ka&Hns  to  diHinpiisIt  iliRm  from  thtt  rraidual  oaes. 

*  H.  Rica,  Private  publication  of  tbc  Kaolin  Co.,  ComwuH,  Conn. 
»  ^Vbecler.  Mo.  Geol.  Surv..  XI.  p.  1G2,  ISM. 

•  Hopkins.  Ann.  Kept.  Pa.  State  CoHege.  189»~frft. 
'  BUtchW.  Ind.  Dept.  Ceol.  and  Nat.  Rca.,  XXIX.  p.  55.  1904. 
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FiQ.  36. — Map  showing  kaolin  and  ball-clay  depoaits  o[  United  Stntos,  oa«t  of  the 
Miwdssjppi  River.     (Af(«r  H.  Ries,  V.  S,  Gool.  Surv.  Prof.  Pap.  1 1,  p.  284,  1903.) 

End  quartz.    The  author  himself  held  this  view  for  some  time,  but 
now  feels  that  it  is  not  safe  to  make  such  a  broad  statement. 

The  incorrectness  of  tins  thcon*  becomes  apparent  if  we  examine 
any  series  of  kaolin  analyses,  from  which  it  can  be  seen  that  the  aluinina- 
silica  ratio  is  often  higher  than  that  required  for  kaollnite,  and  thk 
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seems  best  accounted  for  on  the  supposition  that  some  of  the  other 
hydrous  aluminum  silicates,  such  as  pholerlle  or  hallovsite,  are  present. 

Again,  a  washed  kaolin  might  have  as  much  as  20  per  cent  white 
mica,  and  yet  nn  analysis  show  a  composition  approaching  rather  closely 
to  that  of  kanliniie. 

All  of  these  minerals — kantinite,  pholcrite,  halloysite,  and  rauscovite — 

,re  decomposed  by  treatment  with  hoi  sulphuric  acid,  and  therefore 

reported  in  the  rational  analysis  as  clay  substance.    This  is  unfortunate, 

because  mica  is  not  refractory  and  should  not  therefore  be  grouped 

with  the  other  three. 

There  ts  also  the  possibility  that  in  some  highly  aluminous  kaolins 
ime  aluminum  hydroxide,  i^urb  us  biiuxite  orgibbsitc,  might  be  present. 

Chemical  composition. — The  analyses  sJiown  nn  page  16S  of  both 

native  and  foreign  kaolins,  will  give   some   idea  of  their  composition. 

All  uf  these  are  wjuslied  samples  with  the   exception  of  No.  I.     A  com- 

paristnj  of  analyses  I  and  II  will  therefore  show  the  beneficial  effects 

if  washing. 

It  will  be  noticed  that  all  of  these  analyses  show  a  small  percentage 
of  alkalies,  due  probably  to  the  presence  of  some  undecomposed  feldspar 
or  muscovite. 

Ph3rsical  tests.— When  tested  pliysically  they  all  sliow  a  low  air- 
shrinkage,  luw  tensile  strength,  are  white-burning,  and  usually  highly 
refractory.     The  following  tests  bring  out  those  points  well: 

1.  Kaolin  from  Harris  Clay  Company,  Webster,  N.  C, — Works  up 
with  42  per  cent  of  water  to  a  lean  mass.     Air-shrinkage,  6  per  cent; 

shrinkage  at  cone  9,  4  per  cent;  average  tensile  strength,  22  pounds 
r  square  inch;  fuses  about  cone  33,' 

2.  Kaolin  from  Glen  Allen,  Mo. — Requires  23.2  per  cent  of  water 
to  work  it  up  to  a  lean  paste  whose  air-shrinkage  is  4  per  cent  and  fire- 
shrinkage,  at  2500*'  v.,  8.4  per  cent;  average  tensile  strength,  12  pounds 
per  square  inch;    incipient  fusion,  2200'*  F.;    vitrification  at  250()**  F.^ 

3.  Kaolin,  Oak  Ixivel,  TIenrj-  County,  \'a.— Water  retjuired,  4S.4 
per  cent;  plasticity  and  tensile  strength,  low;  air-shrinkage,  1.6  per 
cent;  fire-shrinkage,  cone  9,  8  per  cent,  with  absorption  36.08  per  cent; 
fusion-point  above  cone,  27. 

DistributioD. — The  known  workable  depijsits  of  kaolin  found  in 
the  United  .States  are  all  located  east  of  the  Mississippi  Kivcr,  with  the 
exception  of  those  found  in  Missouri,  Utah,  and  Texas.  The  la.st- 
nanied   two   are  not  worked.     The  distribution   of  those  east   of  the 


'  .\.  C.  Octrl.  .Surv.,  Hull.  13.  p.  o9,  18l>7. 
'  Mo.  Geol.  Surv.,  XI,  p.  578. 
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Mississippi  River  is  shown  in  Fig.  36,  and  the  Missouri  deposits  in 
Fig.  56.  Reference  is  made  to  their  occurrence  undei  the  state  descri^k 
tions  in  Chapters  VI  and  VII. 

Analtses  of  Kaolins 


I. 


II. 


III. 


IV. 


V. 


VI. 


SUica  (SiO.) 

Alumina  (AljO,) 

Ferric  oxide  (Fe-O.). .  , 
Ferrous  oxide  (FeO).  . . 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (K.O) 

Soda  (Na,0) 

Titanium  oxide  (TiO,). 

Water  (H,0) 

Moisture 


62.40 

26.51 

1.14 


.57 
.01 

.98 


45.78 

36.46 

.28 

1.08 

.50 

.04 

.25 


46.28 
36.25 
1.644 


73.80 

17.30 

.35 


46.50 

37.40 

.80 


72.30 

18. M 

.40 


.192 
.321 
1.69 

.85 


tr. 


1.18 
2.49 


}- 


8.80 
.25 


13.40 
2.05 


13.535 


4.69 


1 
12.49 


.39 
.42 


7.01 


Total. 


100.66 


99.84 


100.763 


100.01 


98.29 


100.17 


Silica  (SiOj) , 

Alumina  (AJjOj) 

Ferric  oxide  (Fe.O,). . . 
Ferrous  oxide  (teO).  . , 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (K,0) 

Soda  (Na,0) 

Titanium  oxide  fliO,). 

Water  (H,0) 

Moisture 


Total. 


VII. 


45.44 

40.30 

.54 


tr. 
tr. 
tr. 
.38 


13.9 


100.56 


VIII. 


46.38 

39.76 

.79 


.44 
.05 
1.80 
.20 
.28 
10.26 


99.96 


IX. 


48.26 

37.64 

.46 


.06 
tr. 

56 


]- 


12.02 


100.00 


46.87 

38.00 

.89 


tr. 
.35 

1.22 
12.70 


100.03 


n. 


47.71 
36.78 


2.58 
i3  03* 


100  :o 


I.  Webster.  S.  C.     Cnnle  kaoUn.     N.  C.  C-eol.  Surv.,  Bull.  13,  p.  62.  1897. 

II.  Webster,   N.  C.     Washed  kAolio.     Ibid. 

III.  Brandywine  Summit,  Pa.     IIoi>kin.<>,  Pa.  State  Coll.,  App.  Kept..  1898-99,  p.  30. 

IV.  I'pper  MiU.  Pa.     T.  C.  Hopkins,  .\nn.  Kept..  Pa.  State  CdIL.  1899-1900,  p.  11. 
V.  Wen  Corowall,  Conn.     II.  KieB,  .\nal. 

\1.  Glen  AUen.  .Mo.      Mo.  Geol.  SurT.,  XI.  p.  562,  1896. 

VII.  Leakv.  E<)wardo  County,  Texati.     O.  H.  Palm,  Anal. 

VIII.  O.ik  fjevel.  Henry  County.  Va.     Analyied  by  Va.  Geo).  Surv. 

IX.  Cornwall,  En«.  . 1 

X.  Zettliti,  Bohemia [  U.  S.  Geol.  Surv..  Prof.  Pap.  11,  p.  39,  1903. 

XI.  Co us^ac- Bonne val,  France J 

Kaolins  after  washing  are  used  in  the  manufacture  of  white  ware. 
porcelain,  floor  and  wall  tiles,  paper  manufacture,  and  as  an  ingre- 
dient of  slips  and  glazes. 

Ball-clay 

This  includes  those  white-burning  plastic  clays  of  'sedimentai? 
ciiaracter  which  are  extensively  used  as  a  necessary  ingredient  of  white* 
ware  mixtures  in  order  to  give  the  body  sufficient  plasticity  and  bond- 
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ing  power.    They  must  therefore  contuin  little  or  no  iron  oxide,  and 

poffiess  good  plusticity  and  tensile  strength.     Refractoriness  is  desir- 

ble,  but  thi>se  imported  vitrify  at  cone  S,  while  the  native  ones  require 

iiiucli  liigher  heat  for  vitrification.     Smne  ball-claya  hs  thoae  of  Florida 

require  washing  before  shipment  to  market. 

Chemical  composition. — ^The  following  table  gives  the  composition 
of  severul  American  ball-clays,  as  well  as  tlial  of  an  English  ball-clay: 


Analyse?  or  Ball-clays 


Saica  (SiO.) 

iiimtna  (Ai,0,) 

'Ferric-  oxide  (KeiO,), ,  . 
Ferrous  oxide  (FeO).  . . 

Lime  (CttO) 

Magnesia  (MgO) 

Poiash  {K,0) 

S*Mia  (Na/)) 

Tiwnium  oxide  (TiO,). 
Sulphur  trioxide  (SO,). 

Wat^T  (H,0) 

MoUturc 


Toial. 


I. 


4»  It 

^9.55 
35 


.13 


1,20 

.07 
13.781 


101   ID 


U. 


45.67 
1. 14 


tr. 
.11 
.Ifi 
.00 

1.30 


14.10 


101   2.1 


ni. 


56,40 
30.00 


.40 

tr. 
3  261 
2.01  I 


[7.93 


100.00 


IV. 


45  97 

3G.35 
IDS 


1.14 
l.tt) 

1.84 


12.36 


99.83 


V. 


48  99 
32.11 


2.34 

.43 

.22 

'3.31 


9.63 


97.03 


I.    E-laar,  FU_     V.  8.  a«ol.  Surr..  Prnf.  Pnp.  II.  p.  39. 

}~ n.  N.  J.     N.  J.  U»ol.  Siitv.H  Fin-  Iteiii.  VI. 
iy.      U.  3.  CiX»l    Sary..  Prr.f.  Pap.  if.  p.  39. 
M^i    (;*.>!.  Surr..  XI.  |..  5«6.  18B6. 


11.    WiKMlbriilM. 


IV.   Il*«itia.  .M...     . 
V.  "Pwilif"  clay,  Wursham,  Eiig. 


P.  443. 


^L       Physical  characters. — The  physical  properties  of  some  of  the  well- 
^bnown   l>a!l-clays  ust^l    in   this  country  arc  as  follows: 
^m      Edgar,   Fla, — Ven,-   plastic;    average  tensile  strength,   150  pounds 
^l)er  square  inch;    total  shrinkage  ut  cone  9,  15  per  cent. 

TVooJbridge,  N.  J. — Water  required,  33  per  cent;  plasticity,  fair; 
air-shrinkage,  3.4  per  cent;  average  tensile  strength,  33  pounds  per 
square  inch.  At  cone  10,  llre-elirinkage  16.6  per  cent  and  absorption 
0.22  per  cent;    fusion-point,  cone  34. 

Distribution. — The  number  of  known  localities  in  the  United  States 
at  which  ball-clays  occur  is  small,  and  are  shown  in  Figs.  36  and  55.  They 
are  obtained  from  the  Tertiary  (Florida,  Kentucky,  Tennessee)  and 
Cretaceous  (New  Jersey)  formations,  and  in  residual  deposits  derived 
from  Pala*ozoic  limestones  (Missouri). 


Fire-clays 

The  term  fire-clay,  properly  speaking,  refers  to  those  rlft\'« 
of  withutuiKliiig  a  high  liegreee  uf  heat,  liut  it  Is  uiifurttiiiatcly 
loosely  xned  by  American  clay-workers,  and  many  pliutlic   mat 
whk'h  litive  absolutely  no  claim  to  refrac^toriness  are  inrlmlefi  lui-ii 
this  head.     It  is  to  be  )p*eatly  regretted  that  no  Ktandard  of  rofruci 
neaa  haa  been  adopted  in  the  United  States,  nor  for  that,  mnttef 
Europe,  although  the  use  of  the  term  is  probably  less     '        *     ' 
than   here.     In  the  author's  opinion  no  clay  should  Ijt; 
fire-clay  unless  its  fusion-point  is  higher  than  that  of  cone  27, 

Aside  from  refractoriness,  which  is  the  most  important  properly 
a  Hre-clay  and  iho  one  possessed  by  all  true  ones,    they  vary  widel; 
showing  great  differences  in  plasticity,  density,  shrinkiige,  tensile  .strcuif;!; 
and  color.    Since  the  resistance  of  a  fire-clay  to  lieut  is  gox-cmod  pi 
mjirily  by  its  chemical  ooniposilion  and  secondarily  by  its  t<:xt 
may  be  well  to  consider  first  the  former  property. 

Chemical  composition — Fii-e-clays  contain  pmctically  til 
Btances  usually  lietcrniined  by  the  ultimate  analysis  (p.  58),  but  in  ewr 
good  fire-cUy  the  total  percentage  of  certain  fluxing  impurities,  &uch 
ferric  oxide,  lime,  nia^nesiii,  and  alkalies,  is  small.  This  is  neressurif 
the  ease,  since,  if  the  fluxing  impurities  were  present  in  large  quan^ 
titles,  the  clay  would  fu8e  at  comparatively  low  (em[)eratures  aw 
could  not  be  cl.issed  as  refractory. 

Effect  of  silica. — It  is  found,  however,  that  clays  running  low  ii 
fluxes  but  high  in  silica  may  also  show  poor  refractoriness.  If  a- 
com])are  two  fire-clays  of  low-flux  contents,  but  high  silirn  in  *)no  cii 
and  hnv  silica  in  tlic  other,  it  is  found  that,  other  things  being  equal 
the  high-silica  clay  is  less  refractory  than  the  other.  This  indicai 
that  a  high  percentage  of  silica,  as  well  as  a  high  percentage  nf  l^ 
fluxes  nientioncfl  above,  diminishes  the  refractoriness  of  the  rlay,  W 
might,  therefore,  term  the  iron  oxide,  lime,  magnesia,  and  alkalies  Ion 
temperature  fluxes  ami  the  silica  a  high-tempcrnturc  flux. 

In  any  fire-clay  some  of  the  silica  is  combined  chemically  wii 
the  alumina  and  water,  forming  a  hydrous  aluminum  silieute  wlik 
for  convenience  of  discussion  we  assume  is  kaolinite.*  while  the  halaM 
is  probably  there  in  the  form  of  (piartz.^     If  kaolinite  alone  is  heated 


'  It  probixljly  is  in  most  tire-olayH. 

'  There  cannot  be  many  silicate  minernb,  siirh  as  fcldnpar,  niicn,  etc.,  in  a  fin 
clay,  otIierwiDQ  the  percentage  of  alkalies,  mogncffia,  lime,  And  iron  oxide  n-ouli 
be  higher  than  it  iia-jally  is,  so  ilial  the  ImlaDce  of  the  silicu  must  be  i{UBrix. 


1, — Section  showing  fire-clay  underlying  cnal-spiim.     Tlie  upper  clay  almve 
oal  ii  of  impure  character,     (Phato  loaned   by  Robiiwon  Clay-product  Com- 

anv.l 


Fig.  2. — Fire-clay  underlying  Lower  Mercer  Umeatoiie,  Union  Furnace,  O. 
(Photo  by  B.  S.  Fisher.)  171 
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its  refracturiness  is  found  to  be  high,  for  its  fusion-point  is  the  same 
as  pnne  36  of  the  Hegcr  series,  and  llie  refractoriness  of  quartz  or  siiica 
alone  is  iie^irly  us  high,  but  If  these  two  ininerals  are  mixed  together 
ID  var>"ing  pnjjxirtions,  then  the  fusMtn-point  of  the  mixtures  will  in 
c%'ery  ca^  be  lower  than  that  of  either  silica  or  kaohnite  ulone. 

This  fact  was  pointed  out  some  years  ago  by  i5€ger,'  who  made 
up  11  eeries  of  mLxtures  of  alumina  aud.  siiiea,  «ud  kaolin  nnd  silica.  In 
the  former  series  of  mixtures  tlie  quantity  of  alumina  in  each  case  was 
the  same,  but  tlie  amount  of  silica  was  increased.  Starting  with  1  part 
of  alumina  to  1  of  silica  by  volume  (91.5  of  alumina  to  8.6  of  silica  by 
weight  2),  a  mixture,  the  fusion-point  of  which  was  the  same  as  that 
of  cone  37,  he  found  that  the  refructoriuess  decreased  imtil  a  mixture 
of  i  part  ahmiina  to  17  parts  of  silica  (10  alumina  to  UU  silica  by  weight) 
was  reached.  The  fu.sing-i>oint  of  this  mixture  was  cone  29.  A  fur- 
ther incrctisc  in  the  anujunt  of  silica  eausc<I  tlie  refractoriness  to  rise 
st«idil\ .  This  shows  that  silica  added  to  alumina  in  certain  propor- 
tioiis  acts  as  a  flux  at  high  temporal  ures. 

If  now  silica  is  mixed  with  kaolinite  in  the  same  manner,  a  similar 
lowering  of  the  rt^fractorincss  of  the  hixly  takes  place  down  to  a  cer- 
tain ]K)int  l>cyond  which  the  fusion-fmint  again  rises.  These  experi- 
ments of  iSeger  are  shown  graphically  in  Fig.  .13,  -in  which  the  horizontal 
lines  represent  the  different  cone  numbers  from  26  to  38  inclusive.  The 
divisions  on  the  lower  line  represent  percentages  of  alumina  or  kaolin 
measured  above  the  line,  KM)  i>er  cent  Iwing  at  the  left  end.  and  per- 
centages of  silicji  measured  below  the  line,  UKJ  per  cent  being  at  the 
right  end.  The  s*t]id  curve  rejiresents  the  mixtures  of  silica  and  alumina, 
while  the  dottetl  curve  represents  mixtures  of  kaolin  and  silica.  An 
inspection  of  thejse  curves  shows  quite  clearly  how  an  increase  in  the 
percentage  of  silica  up  to  a  certain  point  causes  a  dropping  of  the  fusion- 
point,  l^ut  that  a  further  increase  in  the  silica  contents  raises  it  again, 
although  not  quite  as  high  as  it  originally  was. 

It  will  be  seen  from  a  comparison  of  these  two  cur\'es  that  the  kao 
linile-«ilica  mixtures  have  lower  refractoriness  than  the  pure  silica-alu- 
mina mixtures.  This  effect  of  silica  has  not  always  been  understoctd 
by  fire-brick  manufacturers,  many  l^elieving  that  sand  added  to  the  refrac- 
toriness of  a  clay  in  burning.     \Miile  this  is  indeed  true  in  the  case  of 

'ocgiir,  Qofiamraelto  Schriften,  i>.  -IM,  IttOG.  Amcr.  Ccratn.  Soc,  Ti-onblatiun, 
I .  p.  .MS. 

■  What  u  meant  here  is  [Mrt«  by  \-olume  which  would  not  be  the  same  ss  parts 
by  weight.  IiccniK**  the  (wo  sulwtances  havp  different  Hjiecifip  weights,  bonce  I  uUi- 
mina  U>  1  .silica  per  vohimo  would  bi;9t.5  per  cent  uluiiiiiia  (o  8.5  silica  by  weight. 
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brick-clays,  it  is  to  be  remembered  that  common  brick  is  burned  at 
at  a  much  lower  temperature  than  that  at  which  alumina  and  silica 
unite. 

Recent  tests  made  on  a  series  of  fire-clays  from  New  Jersey  ^  agreed 
with  Seger's  results  in  a  general  way  but  not  exactly,  the  plotted  fusion- 
points  forming  a  curve  on  which  corresponding  points  were  somewhat 
lower  than  those  on  Seger's. 

In  order  to  test  his  experiments  a  series  of  mixtures  of  a  white- 
burning  clay  {having  practically  the  composition  of  kaolinite)  and 
finely  ground  quartz  were  made  up  and  their  fusion-points  tested  in 
the  Deville  furnace.    These  results  were  plotted  in  a  curve  (Fig.  37), 


190^  «l .» 


Fig.  37. — Diagram  showing  effects  of  silica  on  fusibility  of  kaolin. 
(After  Ries,  N.  J.  Geol.  Surv.,  Fin.  Rept.  VI,  p.  313,  1904.) 

which  in  its  general  form  agrees  with  that  of  Seger,  but  shows  lower 
cones  of  fusion  for  corresponding  mixtures.  The  results  obtained  with 
New  Jersey  clays  seem  to  agree  more  closely  with  this  curve  than  they 
did  with  Seger's.     (Fig.  33.) 

Applying  the  facts  obtained  from  these  experiments  to  a  study 
of  fire-clays  it  would  seem  that,  other  things  being  equal,  those  fire- 
clays will  be  the  most  refractory  which  contain  the  lowest  percentaj^ 
of  fluxing  impurities,  such  as  iron,  lime,  magnesia,  and  alkalies,  and 
the  smallest  quantity  of  sand  or  silica  not  in  combination  with  the 
alumina  of  kaolinite,  or  some  other  hvdrous  aluminum  silicate. 


•  N.  J.  Geol.  Surv.,  Fin.  Rept.,  VI,  p.  314,  1904. 


1.  Sn,  1  fire-clKV.  M.  U.  Valfniinc  A  Br<>.  (l>-c.  111.  Wondhridae. 
II.   No.  I   (iro-clny,  Xaiuuia  &  Putter  (Loo.  Gl,  Wuudbritiae. 
m.  Top  oanily  clnv.  AnnexA  A  Potter  (t,nG.  6).  WcxxlbhiLiiie. 
IV.  Fir»-inon»r  cUiy,  Miiurer  ft  B<>ii  (Loc.  24),  Wucxtbridge. 
V.  W»rv  clay.  W.  R.  Cudrr  ll^«c.  2EH.  Wucxlbridw. 
VI.  No,  1  undy  clay.  HcHotw  Bixw.  (Loc.  -W),  I-lnnJa  Grove. 
Vtl.  No.  1  blue&re-c-Uy,  J.  H.  CroHHUAii  (Uw.  CA),  Uurl  Creek. 

*  Extliwiw  vl  titAaiuiu.     Tim  pmlxilily  stADtla  interaiediatc   between  ailio*  and  tba  other 
Buxtw  ia  it«  Utixiuc  power,  but  ne&reiit  lu  »i)ica. 
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'  "In  thia  tabic  the  second  to  ninth  columns  inclusive  represent  the 
determinations  made  in  the  ultimate  analysis.  A  partial  analysis  only 
of  some  of  the  samples  was  available,  and  in  these  cases  the  difference 
between  the  sum  tjf  the  substances  dclennincd  and  tOO  was  taken  as 
representing  the  sum  of  the  lime,  magnesia,  and  alkalies.  The  clay  base 
;iven  in  the  tentli  column  was  olitained  by  considering  the  ahimina 
be  contained  in  kaolinite,  figuring  the  amount  of  siljcn  ueoessury  to 
unite  with  it,  and  adding  the  combined  water  to  it;  the  total  of  the  three 
then  reprewntfl  the  clay  base.'  The  clifTcrence  between  the  silici  nrrep- 
sary  to  combine  wth  the  ahnnina  and  form  the  clay  base  and  the  total 
silica  was  considered  as  representing  the  free  silica.    The  twelfth  column 


I      *  The  aintiiint  of  w.iter  prcictit  as  an  ingredient  of  IJmonitc  ia  so  snial)  in  tboso 
cases  that  it  can  be  nef^lertcd. 
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represents  the  sum  of  the  iron  oxiJe^  lime,  magnesia,  and  alkalies.    Th 
last  toluuin  gives  the  cone  of  fusion. 

"Examinino;  the  percentages  given  we  see  that  in  the  first  analx'sia 
the  percentage  of  clay  base  U  S7.20  per  cent  and  silica  10.65  per  cent, 
while  the  total  fluxes  are  0.7H  i)er  cent.  Comparing  these  percent^at 
with  the  curve  (Fig.  37),  we  see  that  a  mixture  of  90  per  cent  kaoljnite 
and  10  i>er  cent  silica  (IX).  which  is  close  to  the  composition  of  cUy 
No.  I  of  the  table,  nielletl  at  cone  34,  so  that  the  0.7S  per  cent  fluxes 
probably  exert  little  influence. 

"Again,  in  the  third  analysis,  the  percentage  of  clay  base  or  koolinite 
is  52.S2  per  cent  and  that  of  the  silica  43.71  j>er  rent;  from  the  curve 
in  Fig.  37  such  a  mLxture  would  fuse  at  appniximately  cone  29.  But 
we  have  here  in  addition  to  the  silica  2.13  {ror  cent  total  fluxes,  so  tlial 
we  should  expect  the  clay  to  fuse  at  a  still  lower  cone.  By  actual  i€sl 
the  fusion-point  was  found  to  be  cone  27,  so  that  evidently  ijoth  the  free 
silica  and  fluxes  present  force  down  the  fusing-poinl  and  the  facts  cor- 
respond to  the  theory. 

"\o.  IV  of  the  table  of  analyses  behaves  similarly  to  No.  Ill,  and 
No.  y  has  a  high  fusing-[xiint,  on  account  of  its  high  {>ercentage  of  clay 
substance  and  low  amount  of  fiuxes. 

*'  In  ihe  case  of  No.  VI  we  find  that,  leaving  the  fluxes  out  of  considenu 
tion,  a  mixture  of  kaolinite  and  silica  in  the  pwporlions  shown  in  this 
clay  should  fiise  at  about  cone  30,  and  the  amount  of  lime,  mogncsiji, 
alkalies,  and  titanium  oxide  given  in  the  analysis  should  lower  the  fusion- 
point  to  at  least  cone  29  or  even  28.  As  it  is,  the  fusion-pf)int  as  deter- 
minetl  is  cone  30.  and  there  is  an  apparent  disagreement  Ix-'tween  theory 
and  the  facts.  This  is  probably  explainable  by  the  fact  that  the  clay 
is  a  very  sandy  one,  and,  therefore,  since  much  of  the  silica  is  in  the 
form  of  coarse  grains,  it  is  nt>t  able  t"  enter  into  active  chemical  union 
with  the  clay  biuse.  In  any  event  this  sample  illustrates  the  fact  that  the 
fusijn-point  f»f  ft  clay  cannot  lie  determined  solely  from  a  chemical 
analysis.  No.  VII  owes  its  low  refract<jriness  to  a  high  content  of  total 
fluxes  and  not  to  high  silica  contents.  This  clay  has  a  si  lira-alum  inn 
ratio  of  0.97.  and  it  would  therefore  appear  as  if  some  other  hydrous 
aluminum  silicate  than  kaolinite  were  present  (see  Pluilerite,  p.  50). 
Were  it  not  for  nearly  4  per  cent  of  fluxea,  its  refractoriness  would  be 
quite  high.  These  few  samples,  will,  however,  serve  to  sliuw  the  practira 
application  of  the  facts  njentione<l  alK)ve." 

Effect  of  titanium. — It  will  be  noticetl  that  the  percentage  of  titanium 
oxide  has  been  tletermincd  acparatcly  in  several  of  the  above  analyse, 
and  fn»m  the  quantity  present  it  is  believed  to  exert  some  influence.    As 


KINDS  OF  CLAYS 


177 


net 


been  mentioned  uuder  Titanium  (p.  84),  the  presence  of  2  per  cent 
bf  titanium  seems  to  lower  the  refractoriness  a  whole  cone  number,  while 
D.o  per  cent  lowered  it  half  a  cone  when  it  was  mixed  with  kaolin  alone. 
Physical  properties. — As  mentioned  above,  the  term  fire-clay  does 
(lot  signify  the  presence  of  any  other  character  than  rofractorinesa,  and 
fcrc-clays  may  therefore  vary  widely  in  their  plasticity,  shrinkage,  texture, 
\o]i>T,  tensile  strength,  and  other  physical  properties,  all  of  which  affect 
the  behavior  of  the  clay  during  the  prnre*«  of  manufacture,  but  none 
of  which  can  be  used  as  a  sure  guide  in  dctorniining  its  probable  refractori- 
ness.    Color  may  be  an  aid  under  certain  conditions,  since  pure  white 
plays  and  light  yellowish  clays  arc  nftcn  at  least  scnji-refraptor>'  and 
ametimes  highly  refractory.     Some  firc-i^lays  arc  tinged  a  deep  yellow 
or  yellowish  red.  as  though  they  contained  considerable  iron  oxide,  and 
yet   they  have  excellent  heat-resisting  power.     If  the  clay  is  black  or 
bluish  black,  there  is  no  means  of  telling  from  mere  inspection  what 
its  heat-resisting  qualities  are,  for  under  these  conditions  both  a  clay 
with  very  little  iron  oxide  and  one  with  much  might  outwardly  appear 
[the  same. 

Plasticity  has  little  or  no  direct  relation  to  refractoriness,  although 

hvks  pointed  out  that  of  two  clnys  of  unequal  rcfrnctoriness  the 

of  lower  fire-resisting  qualities  may  withstand  the  action  of  molten 

materials  belter  if  it  in  of  high  plasticity,  as  this  makes  it  burn  to  a  dense 

body  at  a  comparatively  low  temperature.     The  result  of  this  is  that 

the  pores  are  closed  and  the  clay  rosLsIs  the  corrosive  action  of  a  fused 

maAs  better  than  the  more  refractory  flay,  which  does  not  burn  liense 

nt  as  low  a  teniper:iture  iis  the  first  one,  and  which,  therefore,  permits 

a  niollen  mass  to  enter  the  pore-si)aces  between  its  grains. 

Fire-clays  are  of  variable  tensile  strength.  Some  of  the  highest 
grudirs  show  low  tensile  strength  and  often  require  a  more  plastic  material 
to  raise  it.  such  an  addition  being  sometimes  necessarily  done  at  a  slight 
sacrifice  of  refractoriness. 

Analyses  of  fire-clays. — The  analyses  shown  on  page   178  give  the 
.composition   of  a   number   of   fire-clays   from  various   localities  in  llie 
Jnited  States,  alid  fur  additional  ones  reference  should  be  made  to  the 
State  descriptions. 

Occurrence  and  distribution. — Fire-clays  may  be  of  either  residual 

or  sedimentary  urigin,  and  of  the  two  the  latter  are  by  far  the  most 

important  commercially.     This  claKS  is  further  sulalivisible  into  plastic 

^-fire^lays  and  flint-rluys,     The  former  are  pluslJc  when  wet,  the  latter 

^Lre  hard  and   flint-like,  with  a  smooth,  shell-like  fracture  and  dense 

^■exture.    They  develop  but  little  plasticity,  even  when  ground  fine. 
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Silicn  (SiOj).  ..    

Alumitiii  {AI,U,) 

Ferric  oxide  (FejO,). 
Fern>na  oxide  (tet)) 
Lime  (CaO) 
Magnesia  (M2O). 
PoUuJi  (K,0 
Soda  (NajO). 
tiulphur  trioxido  (SO,). 
Titanic  acid  C^'iO,) 

Water  (li,0) 

Uoiature 


I. 
II. 

W: 

V. 

n. 

VII. 

VIll. 

IX. 

X. 

XI. 

XII. 


Hibbv-iUf,  .M&.     AU.  Qcol.  Surv..  BuU.  Q.  p.  l^.  1000. 

Meooo,  Pkrko  Coiiaiy.  Imi.     lad.  Dcpt.  Ccnl.  «n>l  N»l.  lie*..  20tti  Ann.  R«pt.,  p.  i 

Mineral  Poinl,  O.  ( Fbiit-cbiy ).     Mo.  (li»ol.  Surv.,  XI.  p.  fiOl,  lH9t^. 

SftlineWtk.  O.  (FLini-vlay).     Ohio  CciJ,  Surv.,  VII,  p.  221.  1803, 

Ixtw^r  KitT.MiiilUK  cU}-,  Now  Brictnuii,  Pk.,  2(1  I's.  IJ?o).  8urv.,  MM,  p.  303. 

Dolit'ur  film  fir«-clav.  KAlJna.  Pk.     Ibid.,  ii.  3I>0. 

Wo.hll)n.lifi.  S.  J.     No.  I  ftw-cUy.  N.  J.  Ccol.  Surv..  VI,  p.  441.  1904. 

llu.>na  Kuni*c«,  Ky.     C<i«l  tnciuiiire*,  I'.  8.  flrol.  9urv.,  Prv.if.  Pup.  II,  p.  119. 

St.  Iviuii*,  Mo.     Mo.  GouL  8urv.,  XI,  p.  671,  1896. 

Ke'lmuol.  W.  Va.     M<mni  Savins  cliy,  W.  V«.  Ge*il.  Bury.,  III. 

Athona,  T«x.     O.  B.  Palm,  mnalysl. 

OoMon,  Colo.     U.  S.  (J•r^I.  Sum..  Mon.  XXVII,  p.  300 
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but  are  u.wally  highly  refractory.  Flint-claya  are  found  at  a  number  of 
points  in  the  Carboniferous  of  Pennsylvania,  Ohio,  Marjland,  Kentucky, 
and  West  Virginia,  where  they  occur  often  underlying  coal-ftcams  and 
in  the  same  bed  with  the  plastic  clay,  the  tvfo  showing  no  n^ularity  of 
arrangement,  and  often  differing  hut  little  if  at  all  in  chemical  compnei- 
tion.  Their  peculiar  character  has  been  a  puzzling  problem  t4>  gcolngi.-5ts, 
but  it  seems  probable  that  they  may  have  Ixyon  fnrmcfl  by  a  solution  and 
reprecipitation  of  tlie  clay  by  percolating  water  subsequent  to  its  form&- 
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ion.     A  serond  type  of  fiint-<'Iay  is  that  found  occupyinfj  bAsins  in 
ulirozoic  limestones  in  Jlissouri  (which  see). 

In  inany  States  '  firc-c'Iays  are  often  found  underlying  conl-lx?ds,  and 
in  this  aocoiml  it  ha.s  Iwen  suRgosted  1  hut  their  alkahes  and  other  fluxing 
impurities  have  i>eon  abstracted  by  the  roots  of  plants  whieh  ft,r^-w  in 
the  awanips  in  which  these  clays  were  deposited,  while  the  decay  of 
these  plants  later  gave  rise  to  the  conl-Ixjd  overlying  the  clay.  This 
the<>r\-  seems  rather  improbable,  as  in  snmo  States,  such  as  Michigan 
and  Alabfima,  the  clays  situl  shales  underlyinp;  the  coals  always  contain 
sufficient  impurities  to  render  them  non-refractory.  Furthermore,  tho 
extensive  beds  of  refractory  clay,  found  in  the  Tertian,'-Cretaceou» 
formations  of  the  Atlantic  ami  (iulf  coa-stal  plains,  are  verj*  rarely 
a&sociated  with  coal-beds. 

We  must,  therefore,  assume  that  these  clays  were  either  derived  from 
rocks  runninf;  low  in  fnsiljlc  Impurities,  or  else  that  these  were  removed 
by  solutiou  during  tlie  transportation  anil  deposition  of  the  clay  particles. 
In  the  Unitc<l  States  fire-clays  are  widely  di.stribuied,  Iwth  geologically 
and  geographically.     The  imtst  important  tx*currenres  are  in  the  Car- 
boniferous of  Ohio.  Pennsylvania,  Kentucky,  Indiana,  Illinois,  Maryland, 
West  Virginia,  and  Missnuri.     M.iny  other  deposits  are,  however,  found  in 
the  CVetaceous  of  N>w  Jersey.  Maryland.  Georgia,  South  Carolina,  Ala- 
bama, Texas,  Iowa.  Colorado,  South  Dakota,  etc.,  and  in  the  Tertiary 
f  New  Jersey,  Georgia,  South  Carolina,  Alabama,  Texas,  Arkansas,  and 
'alifornta. 
In  Penasylvania,  Maryland,  Alabama,  and  North  Carolina  some  pre- 
onian  ones  occur,  but  they  arc  of  limited  extent. 
Uses. — The  main  use  of  fire-clays  is  for  the  manufacture  of  the  various 
ihapee  of  fire-brick,  but  in  addition  they  arc  used  wholly  or  in  part 
the  manufacture  of  gas-  and  zinc-retorts,  locomotive  and  furnace 
linings,  crucibles,  floor-tiles,  terra-cotta,  conduits,  pressed  and  paving 
ricks,  etc. 
G]as»-pot  clays  form  a  special  grade  used  in  the  manufacture  of  e\ass 
^pots  and  blocks  for  glass-tank  furnaces.    These  require  a  clay  which 
is  not  only  refractory  but  burns  dense  at  a  nio<Ierfttely  low  tcmperaliuv, 
that  it  will  resist  the  fluxing  action  of  the  molten  glass. 
It  must  possess  goo<l  bonding  power  and  burn  without  warping. 
Great  care  is  necessary  in  the  selection  of  the  clay  and  the  manufacture 
■of  the  pot .3 


'  Ohio,  Pennsylvania,  Kentucky,  Indiana,  and  West  Virginia. 
*  Ries,  If.  S.  Geol.  Surv.,  MJn.  Res.,  1901. 


180 


CiAYS 


Id  te6ting  a  glass-pot  clay  physical  teste  are  of  more  value  than 
chemical  iiiuilyses.  Glass-pol  clay  is  obtained  from  both  Penns)'!- 
vania  and  Missouri,  but  much  is  still  imported  from  the  Gross-Almerode 
district  of  Germany. 


Stoneware-clays 

Phy^cal  properties. — Stoneware  is  usuaDy  made  from  a  r^tfracto^ 
or  tjeiui'relniL-iury  flay,  but  at  some  small  potteries  a  much  lower  grade 
of  material  is  used.  The  proper  physical  qualities  are  of  paramount 
impnrtnufe.  Stimt^ware-clay  should  have  suflRcient  piastieity  and 
tougiincss  t*)  jiermit  its  being  turned  on  a  potter's  wheel,  this  dei>ending 
partly  on  the  amount  of  rhiy  .substance  present  and  on  the  fineness  of 
the  sand.  A  size  i>f  gniiri  of  fnmi  0.002  to  O.OI  of  an  inch  for  the  non- 
plastic  grains  in  .stnnewMre  clays  has  i>r<)ved  to  be  most  suitable.  Coarse 
sand  renders  the  clay  ko  absorbent  that  it  will  not  hold  its  shape  in 
turning. "^ 

X  tensile  strength  of  125  lbs.  per  square  inch  or  o\'er  is  desirable,  and 
the  clay  should  also  show  low  fire-shrinkage,  good  Aitrifying  qualities, 
and  yet  sufficient  refractoriness  to  make  the  ware  hold  its  shape  in 
burning.  Concretionary  minerals,  such  as  iron  or  lime,  which  are  liable 
to  cause  blisters,  should  be  avoided.  Ma?t  stoneware  is  now  made  from 
a  mixture  of  clays,  so  as  to  produce  a  body  of  the  proper  qualities,  both 
before  and  nfter  burning. 

Chemical  composition. — Orton^gives  the  following  average  of  ten 
separate  analyses  of  stoneware-clays  in  use  in  Ohio  potteries: 

Clay  l.iiSB 56. C3 

Sandy  matter 3". -15 

Fluxing  nuitler 4A4 

Moisfture 1  57 

100.14 
Total  iiilitm , G.i.09 

A  high  silica  content  was  formerly  considered  essential  in  order 
to  produce  a  successful  salt^laze,  but  this  feature  is  of  little  importance 
now  as  other  kinds  of  glazes  are  almost  cxclu.?ively  ujsed. 

The  following  analyses  give  the  composition  of  stoneware  clays  from 
a  number  of  different  localities. 

» la.  Gool.  Surv.,  XIV,  p.  2:«.  IW4. 
)  Ohio  Oeol.  Surv.,  Vll,  p.  95.  IH93. 


Silica  (SiO,J 

Alumiiia  (Ai,0,) 
Ferric  oxide  (Fe.O,). .  . 
Ferrous  oxide  (teO),  . . 

Lime  (CaO) 

Miif^e^iu  (.MgO), 
Potash  U<,0) 
Soda  uNiijU). 
Tilonic  acid  CHO,), 
Water  (U,0). 
Moisture. . . . 
Fhosphorutiaocid  (HgOaJ 


Total. 


98.537 


I 


I.   TliiruN-n  inilm  Irani  FKyetl«  C.  U.,  Fayette  County,  Ala. 
IWJC). 
II.  Cnlti'^iiA,  II«or>'  County.  Mn.     Mo.  GtoL  Surv  ,  XI,  p.  S4Vt,  1896. 
lit.   WrjiKU.ndiie,  Sussox  County.  S.  J.     N.  J.  CUy  Rent..  1878,  p.  99, 
IV.  Lincutnlon,  N.  C.     N.  C.  Ofrfil.  Surv..  Bull.  13.  p.  78.  1897. 
V.  AJtT^fa,  Suiumit  Couuly..  O.     Uluo  0..1.  Hiirv..  VII.  p.  04,  1803. 
VI.   Klroendorf,  Scxnr  C'oumy.  To\.     (>.  H.  ritint,  nnnl. 
VII.  BnJji«iK>rt,  Harrisoii  Cuntv.  W.  Va.     W.  Va.  tJwl  J*urv.,  Ill,  p.  Ifi2,  1908. 
VIII.   Iluntinsbiinc.  Ind.     Iiul.  I)e|)t.  <:«i>l.  iinil  NkI.  ltf«..  SOlii  Ann.  Kept.,  [i.  508,  1004. 

Physical  tests. — The  following  data  will  serve  to  illustrate  the  physical 
characters  of  some  stoneware  clays: 

Calhoun,  Henry  County,  Mo. — A  very  plasti*^,  bufT-burning  clay  re- 
quiring 16.5  per  cent  water;  avenijce  ten.sile  .strength,  150  lbs.  per  8q, 
in.;  air-shrinkage,  5.5  per  cent;  fire-shrinkage,  2.2  per  cent;  incipient 
fusion,  2100°  F.;  vitrification,  23(X)T.;  viscosity,  2500"  F.» 

Northport,  Long  Island,  N.  Y. — A  yellow  sAndy  clay  requiring  25 
pej-  cent  water,  and  having  fair  pliisticity;  average  tensile  strength,  25 
pounds  per  square  inch;  air-shrinkage,  5.5  per  cent.;  fire-shrinkage,  6.5 
per  cent;  nearly  vitrified  at  230tf°  F;  viscous  at  cone  27.  This  is  mixed 
with  a  more  plastic  clay  for  use,^ 

South  Amboy,  N.  J. — No.  2  stoneware  day.  Water  required,  37 
per  cent;  average  tensile  strength.  109  lbs.  per  sq.  in.;  air-shrinkaj:e, 
7  per  cent;  fire-slirinkage  at  cone  10,  9  per  cent  and  absttrption  .24  |>er 
cent;  viscous  at  cone  30.3 

Athens,  Henderson  County,  Tex.— Water  required,  26.4  per  cent; 
ftverage  tensile  strength,  143  lbs.  per  sq.  in.;  air-shrinkage,  0.9  per  cent. 
At  cone  9,  fire-slirinkage,  6  per  cent;  color,  buff;  absorption,  7.45  per 
cent;  viscous  at  cone  SO."* 

'  Mo.  C,e<>\.  Surv.,  XI.  p.  575,  1806. 
'N.  Y.  State  Museum,  Hull.  35,  p.  S21,  1900. 
'  N,  .F.  r.pol.  Surv.,  Fin.  Kept.,  VI,  p.  459,  1901. 
*  l'iipuMi.'4he<t  noted. 
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It  will  be  noticed  tliat  no  examples  are  given  from  Ohio  or  Indiana, 
both  important  producers  of  stoneware  clays,  the  reason  for  this  beii^ 
that  no  lesU  liave  been  published. 

Stoneware  clays  arc  used  not  only  for  the  manufacture  of  all  grades 
of  stoneware,  but  also  for  yellow  ware,  art  ware,  earthenware,  and  more 
recently  even  for  terra-cotta, 

Terra-cotta  Clays 

Terra-cotta  is  made  from  many  different  kinds  of  clay,  but 
iriunufacturers  of  this  material  are  now  using  semi-fire  clays,  or  a  mixture 
of  these  with  a  more  impure  clay  or  shale,  since  these  give  the  be*t 
results  at  the  temperatures  (cone  6-8)  usually  attained  in  their  kihis, 
Stim«  are  used  because  of  their  dense-burning  character  and  l>onding 
jMiwer,  others  because  of  ft  low  shrinkage  and  freedom  from  warjiing, 
while  absence  of  soluble  salts  is  an  important  aa  well  as  desirable  proiwrty 
in  all. 

BufT-burning  clays  are  commonly  chosen,  partly  because  they  bum 
to  a  hard  body  at  the  desired  temperature,  and  there  is  little  danger  of 
overburning.  The  color  of  the  body  is  of  no  groat  importance,  since 
the  final  color  is  applied  superficially.  Very  few  terra-cotta  manu- 
facturers at  the  present  day  employ  a  low-grade  clay. 

The  soluble  salts  are  undesirable,  because  in  drying  they  may  come 
out  through  the  color-slip,  but  they  can  be  rendered  insoluble,  if  uecessar}-, 
by  treating  the  day  with  barium  chloride  or  carbonate. 

To  give  a  tabulated  statement  of  the  properties  of  clays  used  for 
terra-cotta  manufacture  would  involve  listing  a  very  large  number. 
It  may  be  of  interest,  however,  to  give  the  properties  of  a  terra-cotta 
mixture  used  at  a  largo  Eastern  factory,  the  tests  being  made  on  a  soft 
green  body,  us  tempered  at  the  works.  Its  physical  properties  were 
as  follows:  ^ 

Air-shrinkage,  4J  per  cent;  tensile  strength,  97.5  lbs.  per  sq,  in.  Its 
behavior  in  burning  was  as  follows: 

Cons  Ot.  Cone  6.  Ood«  10. 

FJnvshriiikage 1.6%  4.R%  5% 

Hardiices not  steel-hard  nt-arly  ttCeel-hard 

AbiMrption veo' i^'f^orbout  slightly  absorbent  ncarty  impervious 

Color, pale  buff  gray  Imfl  gray  Imflf 

In  making  terra-cotta  the  clay  is  not  carried  to  the  temperature 
Ipst  given,  as  there  would  be  danger  of  its  warping,  but  it  is  usually 

'  N.  J.  OeoL  Surv.,  Final  Kept.,  VI,  p.  1>70,  \Wi. 
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fired  between  cones  6  and  8,  at  which  point   this  danger  is  greatly,  if 
not  entirely,  diminished. 

The  table  on  page  1S4  giving  the  physical  character  of  some  of  the 
New  Jersey  clays  used  for  tcrni-cDtta  manufacture  shiiws  what  a  variety 
of  materials  are  eniployixl.' 

Cl:iys  suitable  fnr  lerra-cotta  manufacture  are  widely  distributed, 
but  thi.ee  nnjstly  used  in  this  country  are  the  Cretacei^us  clays  of  New 
Jersey  and  the  Carboniferous  clays  of  Pennsylvania,  Indiana,  and 
Missouri. 

Sewer-pipe  Gay^ 


I 


Since  sewer-pipes  have  to  be  vitrifietl  in  burning,  they  require  a  clay 
high  in  fluxes,  and  the  clays  empl<)ye<i  arc  siniihir  to  those  needed  for 
paving-brick  manufacture,  so  that  the  two  products  are  fiometimes 
made  at  the  same  facton*  from  the  same  cla^'.  Ordinarily,  some  fire- 
clay is  mixed  in  with  the  vitrifiablc  material,  to  hold  its  shape  better 
in  burning.  A  high  iron  percentage  is  said  to  aid  the  formation  of  the 
salt-glaze  with  which  the  ]>ipe8  are  covered,  but  a  high  percentage  of 
soluble  salts  is  objectionable. 

The  following  are  analyses  of  sewer-pipe  clays  from  various  localities: 


ANAtTSEs  ar  Sewer-pipb  Clats 


8ilirtt  (SiO.) 

Alumina  (Al,0,) 

Ferric  oxide  (l-CjO,) 

Ferrous  oxide  {beO} 

Lime  (CjiO) 

Afa^nehiii  (MgO) 

Potu.'-ti  (K.O) 

irtJii  lNa,0) 

Itanium  oxide  (TIO,) 

■Water  (H,0) 

Moisture. ... 

Siilphur  Irioxide  (SO,) 

PboHpliortis  pentoxide  (P,0,). 


Total. 


I. 


57.10 

21.29 

7.31 


.29 
1.53 
3.44 

.61 


6.00 
1.30 


98.87 


II. 


55.60 

24.34 

6.U 


.43 

.77 

3.00 

.00 


6.75 
2.65 


99.74 


UI. 


63.00 
23.57 

1.S7 
.46 
.44 
.89 

2.40 
.29 

1.10 

6.45 


99  ftS 


iv. 


59.96 
15.76 

7.72 


.60 

.93 

3. tic 


7.70 

"!73 


98.0ti 


1.  SltAlo.  Canton,  O.     Ohio  Ceol.  Sun-.,  VII,  p.  138,  |fl(|9 

It.  SUalft  ami  fin*-oUy  mixturr,     niid. 

111.  l''^t'rrj»,y    Yw™'  ^'""^'"  *■"""""''  '"''•     ^"^   ^P'    '^'^'^'   "n*!    «»»■  Re^.  »th  Ann.  R.pl.. 
IV    I^plideminr.  81.  Ixnii*.  Mo      Mo  (Jcol.  Siirv  .  XI,  n  570    ISOQ 
V.   KilunniDjl^Hav      £tim.  mioe.  N«w  Combertand.   W.  Va.     W.  Vm.  G«il.  ftjrv..    III.  p. 


V. 


57.52 
21.78 

3.41 

3.70 
.60 
.88 

3.67 
.03 
.83 

7.27 
.86 


.14 

99  57 


»  N.  J.  Ceol.  Surv.,  Final  Kept..  VI,  p.  270,  1904. 
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The  aewcr-pipe  claj'S  in  the  Eastern  and  Central  States  are  obtained 
chieBy  from  the  Carboniferous  furniatiouii,  and  to  a  small  extent  from 
the  Devonian  ones.  The  Cretaceous  and  Tertiary  beds  of  the  cunstul 
plain  Slates  are  not  as  a  rule  adapted  to  sewer-pipe  manufacture,  but 
in  the  Rocky  Mountain  region  and  Black  Hills  area  some  of  the  Creta- 
ceous shales  have  pood  \itrifying  qualities.  Pleistocene  clays  are  used 
only  to  mix  in  with  the  other  mjiterinls. 

Brick-clays 

Common  brick. — The  clays  or  shales  used  for  common  brick  are 
usuully  of  a  low  grade,  and  in  most  cases  red-bvirning.  The  main  requis- 
ites are  that  they  shall  mold  easily  and  burn  hard  at  as  low  a  tempcniture 
as  possible,  with  a  minimum  loss  from  cracking  and  warping.  Since 
many  common  clays  or  shales  when  used  alone  show  a  higher  air^  and 
6re-shrinkage  than  is  desirable,  it  is  rustoman,'  to  decrease  this  by  mixing 
some  sand  with  the  clay  or  by  mixing  a  loamy  or  sandy  clay  with  a  more 
plastic  one. 

Common-brick  clays  vary  wi^lely  in  their  composition,  but  meet  of 
them  contain  a  rather  high  penicntage  of  fluxing  itnpurities. 

While  ihe  chemical  composition  is  of  importance  in  affecting  the 
color-burning  qualities  and  fusibility  of  the  mass,  the  physical  characters 
are  even  naore  important,  since  they  affect  not  only  the  color  in  burning 
'ant  often  exert  an  influence  on  the  process  of  molding  to  be  chosen. 

The  following  analyses  will  serve  to  represent  their  range  in  com- 
position: 

Analyses  of  Brjck-ci-ats 


Silica  («iO,>.  . . 

Al'-imitm  (.-VliO,;. 

Ferric  oxide 

,      (Fe,0,) 

I  Lime  {CaO) 

[  Mufiii^Min  <MrO). 
f^PolivOi  (K.O)   . 

iTICanic  acid 

.    mo») 

^Carlton  dioxide 
(CO,) 

5Lm  vanese 
ili(ix)de(MnOi) 

Moisture 


IS  '^ 

3  II 
I   18 

1.09 
2.92 
1  30 


II. 


71  .so 
13.86 

4.78 
.66 
.11 

2.2W 
.81 

1.41 

4.G1 


III. 


42.28 
8,26 

3.84 
13. OS 

C.Ol 
2.51 

.4» 

.or.i 


IV. 


tiS.G'J 

4.ie 

1.4!' 

1.05 

t.sc 


22.07 


3.55 


.64 
2.78 


Total 99  4'.    99  «1    08  /*  100  60    99  W   )0U  (K   :00  (H    99.75    99  SO 


V. 


S2.30 

18. SS 

6.55 
3.3ti 
4.40 
4.65 
1.36| 


6. 30 
3.04 


VI. 


56.50 
19  31 

S.8U 
1  oca 
ISS" 
5.98 


9.47* 


VII. 

88.71 
4.88 

2.00 

:m) 
.97 

tj-. 

tr. 

.90 

2.28 


VIII. 


18.62 
3.23 

I   2t' 

41. 3( 

.42 


tr, 

2.42 
32.60 


tx. 


56.81 
20.62 

6.13 
.65 
-58 

4  47 


8.60 


1  64 


o.  I>et«rmliieJ  ns  enrbonMc.     b.  InirluHM  oqpuUc  maltiw^. 
•  par  rtf«r«neu  wa  fool  of  Uhlc,  p*«e  IS6. 
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Physical  Properties  op  somk  op  the  Precbdivo 


Per  cent  water  required 

Plasticity 

Air-shrinkage 

Average  t«nsile  strength,  lbs.  per  sq.  in. 


Cone 
010 


Cone 
05 


Cone 
1 


Fire-shrinkage. 
Absorption.  . .. 


Fire-shrinkage. 

Absorption.  . . . 


Fire-shrinkage. 
Absorption. .  .. 


Color  when  burned. 


I. 


22 

Good 
6 
108 


4.3 

7.88 

8.6 
.1 

Red 


II. 


20.9 

Good 

6.4 

8g.6 

0 

17.40 

1.6 
15.08 

5 
7.1 

Red 


III. 


High 

316 

23.23 

slightly 
Kwelled 
22.63 

2.7 
lfi.35 

Cream 


VI. 


32 

Good 
6 
105 


a-    i 

Red 


VII, 


20.ft 
Low 

117 


0 

ll.TT 

0 
13.77 


I.  Plei9tccene  cln,v.  Litil?  Kerry.  M.  J.     N.  J.  Ci*f4.  Surv.,  VI.  220,  1004. 
II.  Pleistocene  d:ky.  Ki<'hm(irn_l.  Vn.     Va.  itJeol.  Surr.,  Bull.  II.  p.  130,  1906. 

III.  Olcaraoufl  PLi-.tof^ifie  clay,  WIiitewat«r.  Wi^.     Wis.  Geol.  and  Nat,  Hirt.  Surv.,  BulL,  1(06, 

IV.  Loess,  Guthrii-  C«ntre,  Id.     la.  GnA.  Surv.,  XlV,  p.  641,  1904. 

V.  Salina  shale,  Wiimero,  H.  Y.     N.  Y.  State  Mus„  Bull.  35.  p.  830.  1900. 
VI.  Carboniferous  ^hnle,  Graa«l  Rapids.  Miobi.     Mich.  Geol.  Surv..  VIII,  Ft.  I.  p.  41,  1899. 
VTI,  PleL-ttocene  brick- Mm.  TesarlcRjm.  Teit,     O.  II.  Palm,  aoal. 
VIII.  Seguin,  GuadalujHj  County,  Tm.     O.  H.  Palrii,  anaL 
IX.  Residual  clay.  GroecLibom,  N.  C.     N.  C.  GcoL  Surv.,  BuU.  13,  p.  114,  1887. 

Some  pretty  poor  clays  are  at  times  used  for  common-brick  manu- 
facture, but  this  is  due  to  the  fact  that  common  brick  will  not  always 
bear  the  cost  of  transportation,  and  it  is  sometimes  necessary  to  use 
the  best  material  that  can  be  obtained  locally,  even  though  it  be  not 
thoroughly  satisfactory. 

Common-brick  clays  are  widely  distributed,  both  geologically  and 
geograjihically. 

Two  varieties  of  brick-clay,  of  common  occurrence  west  of  the  Missis- 
sippi River,  may  be  mentioned  here. 

Adobe. — This  is  a  calcareous  silty  clay,  common  throughout  the 
Southwestern  States  and  much  used  for  making  sun-dried  or  adobe  brick. 

Analyses  of  some  adobe  soils,  showing  their  calcareous  character, 
are  given  on  page  187. 

Loess. — This  name  has  been  applied  to  extensive  Pleistocene  deposits, 
which  are  not  unlike  adobe,  but  regarding  whose  origin  there  has  been 
much  dispute,  some  claiming  them  to  be  of  subaqueous  origin,  while 
others  consider  them  to  be  leolian  formations.  The  loess  is  a  very 
common  deposit  throughout  the  Mississippi  Valley,  and  much  used  for 
brickmaking.  Analyses  by  RusselP  are  given  in  the  second  table  on 
page  1S7. 

'  Geol.  Mag.,  VI,  pp.  2S9  and  342,  1889- 


Silicj  (SiOj 
Aliiiiiiiiii  {A1,0,), 
Ft-rric  oxide  (^c/^J. 

Linn;  (CaOl 

M;i£nc^i»  (MgO). 
Todwh  (K.O) 

Titanium  oxide  (TiO,) 

WiiU'r  (I!,0) 

Carbon  dtoxido  <CX>,) 
Phosphorus  pentoxide  (P,0») 

»>ulpnur  trioxide  (SO,) 

Chlorine  (O ). .  . . , 

OrgaDic  matter 


Total 


I.  Lam<k>,  Tex.     O.  H.  Pttlm.  aiwL 
It,   Salt  lAk«  City,  Vuih.     L.  (1.  Ukin*.  anal.      U,  S.  Civnl.  Burv.,  Dull.  338.  p.  867,  1001. 
III.  SanU  ¥i,  N.  Mox.     IbUl.,  p.  308. 

Analtsrs  of  Loess 


Silica  (SUJ.) 

AliitninA  (Al.C^) 

Ferric  oxide  (FejO.) 

Fermiis  oxide  (FeO) 

Lime  (CaO). .  

Magneda  (MrO) 

Potaeh  (K,0) 

Soda  fXa.C)) 

Tiianic  oxide  (TiO,) 

Phosphorus  pentoxide  (P|0,) 

MjiHEiirip,'*  nxide  (MiiO) 

(;:irl»on  dioxide  (CO,) 

8uli>hur  trioxide  iHO,) 

Cartwn  (C) 

?aicr  (H,0) 


Total. 


I. 

II, 

111. 

72.fi8 

fi4.fil 

74,46 

12  (Ki 

10.64 

12  26 

3.fi3 

2.61 

3.2fi 

.90 

.51 

,V2 

l.Sfi 

5  41 

1.6t) 

i.n 

3  G9 

1.12 

2.13 

2  OTi 

l.Slt 

l.dR 

I   35 

1.4:i 

.72 

.40 

,14 

.23 

-Ofi 

.09 

.06 

.0.1 

,0'^ 

.39 

6.31 

,49 

.51 

.11 

,(Vi 

.09 

.13 

,12 

2.50a 

2.0.'»o 

2.7()a 

100  21 

»9.99 

99  7S 

60,60 

7.95 

2.01 

67 

8.96 

4.56 

1.08 

1.17 

.52 

.13 

.12 

9.63 

.12 

.10 

I.14" 


90. M 


I     itij 
Fin 


a.  Containa  H  of  urgaiuii  tiutl«r  dne<)  •!  100*  C, 

Pressed  brick. — Pressed  brick  call  for  a  higher  grade  of  clay.    The 
kinds  now  in  use  fall  mostly  into  one  of  throe  groups,  namely.  1 .  rod-bum- 
itig  clays;  2,  white-burning  clays:   3.  bufr-biirniiig  clays,  usually  semi- 
ifractorj'.    The  composition  of  n  sample  of  theee  three  types  is  given 
in  the  table  at  Top  of  page  IS^. 

Tlie  physical  requirements  of  a  pressed-brick  clay  are  (1)  uniformity 


J 


Silica  (SiO,) 
AliiiniiKt  (AIjOj) 
Ferric  oxido  (Ke^OO 
Lime  (CaO 
Magtiettiii  (MgOj.  . 

Potash  (K.O) 

Soda  (Nu/.l).  ....^ 
Titiiniiiin  oxide  friO,) 

Water  (II,0) 

Moisture 

S  il,^"itir  trJo^iis  (3  J,>. 


I.  A  c\xy  w^A  for  wliilp  l,riclt.  Orovcr,  N,  C.     N.  C.  Geul.  Surv..  Bull.  13.  i>.  »»l,  1W7. 
II.   HtM^kms  Vnlley.  L>..  clay.     L.  E.  Baninfcr.  »naL     Supplied  by  A.  V.  IU«>iiinftr. 
ni.  ShiWe  from  C4>>iib»,  Vi>nnilliim  County,  lad.     Iixl.  Dspt.  GeoT.  and  Nat.  It**..  2Mb  im. 
Repl.,  p.  G03.    1904. 


of  coI(ir  in  burning,  (2)  freedom  from  warping  or  splitting,  (3)  ab»n« 
of  soluble  siilU,  and  (4)  sufficient  hardness  ami  low  absorption  w 
burne<l  at  a  moderate  temperature.    The  air-shrinkage  and  fire-shnnksge,' 
as  well  as  tensile  strength,  vary  within  the  same  limits  as  eomnion  brirka. 

Hed-bumin^  clays  were  fi>rnierly  much  used.  Iiut    in   recent  yesi 
other  colors  have  found  greater  favor,  and  llie  demand  for  the  fcrnn 
has    greatly    fallen    ofT.     Buff-burning,    semi-refractory    or    refracii 
clays  are,  therefore,  mucli  entployed  now,  partly  on  account  of  !lici 
color  anil  partly  because  t-olariiig  materials  can  be  effectively  added 
them,  for  since  the  range  of  natural  colors  that  can  be  produced  in  bumi; 
is  liniitef],  artificial  coloring  agents  are  sometimes  used.     Manganese 
the  one  most  employed. 

The  clays  must  necessarily  burn  hard  at  a  moderate  temperature, 
and  in  the  cajie  of  red-burning  claya  the  temperature  reached  may  rang 

Pbtbical  Propei(tik»  of  Some  iNsw  Jehsey  Clays  Uped  for  Front  Bbicx.' 


Torn  lat  ion. 


Roritan. . 

Cohansey. 
CohanHey. 


Water 
nqaiTviJ. 
pcrcont. 


32,00 

23.17 
37  50 


Av«nute 
Air  teosilc 

percent.      lb«.  per 

KI.  10. 


5  0 
7  5 

as 


65 

282 
IM 


Cone 

of  ririog. 


Cone  1 

QjncS 

Cone  ft 

fCone  1 

\ Cone  5 

iCtme  S 

Cone  S 


Firp. 
fthriikk- 

nee. 
percent. 


5.0 
6  6 
•2  S 
4  5 
6  5 
9.1 


AhsorptJM), 
per  e»at- 


11    6A  } 

II    34  i 

3  OS  ^ 

0  .«4  I 

4  01 


Cohr, 


Buff 

Buff 
Biiff 


*  N.  J.  Gool.  Stirv.,  Fin.  Ilept..  VI,  p.  222,  lfl04. 


from  the  fusing-point  of  cone  06  to  2,  while  for  buff-buniing  clays  it  is 
commonly  nocossarj'  to  go  to  cone  7  or  8  to  get  a  steel-hard  brick,  unlets 
caU-arctJUS  materials  are  employed,  and  these  arc  not  burned  above 
«one  3,  or  even  cone  1. 

In  the  table  at  bottom  of  piige  188  are  given  the  physical  characters 
of  .sume  New  Jersey  prcssed-brick  clays.  The  proiiortieti  of  ii  shale  quar- 
ritxl  ul  North  Bluff,  Ivansos  City,  Mo.,'  are:  water  required,  22.3;  plas- 
ticity, high;  air-shrinkage,  6.9  per  cent;  tire-slirinkage,  4.8  per  rent; 
average  tensile  strength,  198  lbs.  per  sq.  in.;  mcipient  fusion,  1600**  F.; 
vitrification,  \7b(f  F.;  vlscosiily,  1900"' F.;  color  when  burned,  red. 

Flashing.^ — Many  bricks  used  for  fronU  are  often  darkened  <m  the 
edges  by  special  treatment  in  firing,  caused  chiefly  by  setting  them 
flQ  that  the  surfaces  to  be  flashed  are  exposed  to  reducing  con<liti(iii.s, 
either  at  the  end  of  the  firing  or  during  the  entire  period  of  burning. 
This  color  is  superficial  and  may  range  from  a  light  gold  to  u  rich,  reddish 
brown.  The  principle  of  the  operation  depends  on  the  formation  of 
ferrous  silicate  and  ferrous  oxide  and  their  subsequent  partial  oxi<lation 
to  the  re<i  nr  ferric  form.  This  oxidation  probably  takes  place  during 
ling,  for  if  the  kiln  be  close<l  su  ua  to  shut  off  the  supply  of  oxygen, 
he  liricLs  are  found  to  l>e  a  light  grayish  tint. 

The  degree  of  flashing  is  affected  (1)  by  the  composition  and  physical 
ndition  of  the  clay,  {2)  the  temperature  of  burning,  {.'t)  ihe  degree  of 
uction,  and  (4)  the  rate  of  cooling  and  the  amount  of  air  then  admitted 
the  kiln. 

I.  The  percentage  of  iron  oxide  should  not  be  large  enough  to  make 
he  brick  bum  red,  but  to  produce  buff  coloration,  and  the  clay  should 
lave  sulhcient  fluxes  to  reduce  t!je  point  of  vitrification  to  within  roason- 
■ble  limits,  thas  facilitating  the  flashing.  Clays  high  in  silica  are  appar- 
ntly  better  adapted  to  flashing  than  those  low  in  silica  and  high  in 
alumina.    The  condition  in  which  the  iron  is  present  in  the  clay  probably 

» exerts  some  influence,  that  is,  whether  it  is  there  as  ferric  oxide,  ferrous 
silicate,  concretionary  imn,  ferrous  sulphide,  or  ()erhap8  ferrous  carb<.inate. 
Bleiningcr's  experiments  showed  timt  of  three  clays  which  were  u.sed 
for  flashing,  nil  contained  considerable  quantities  of  iron  soluble  in  ackl. 
Some  Eastern  manufacturers  are  obliged  to  add  magnetite  ores  to  their 
clays,  which  arc  low  in  combinctl  iron,  and  No.  2  fire-clays,  which  contain 
more  iron  tlian  the  finer  grades,  seem  to  give  the  best  re«ults.  As  to 
he  effect  of  the  physical  condition  of  the  clay,  finer  grinding  seems  to 
ivo  more  untfomi  flashing  efTects,  and  the  reason  that  stilT'mud  bricks 


' ..  I.  \te-il.  S.irv.,  Xi. 

>  A.  V.  Dleiniuger,  Not«8  on  Flashing.    Trans.  Amcr,  Ceramic  Soo.,  II,  p.  74. 
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0ash  better  than  dry-press  ones  is  claimed  by  some  to  be  due  to  vitri6c» 

tion  taking  place  more  easily  in  the  former. 

The  following  analygis  gives  the  composition  of  a  No.  2  fire-cloy  fi 

Ohio  used  for  Hashwl  brick: 

Analtsu  07  an  Obio  No.  2  Firb-clat 

Silica  (SiO,). . . . .' . .  67  14 

Alumina  (AI,0,) *.♦,.., lfl.74 

Ferric  oxide  tFe,0,) 2.46 

Lime  (CaO). - 0.53 

Magnesia  (.MgO) 0-  7t 

Voltksh  (K,t>) 2.fi0 

Soda  (Na,0) 0.43 

Water  (H,0) 7  01 

Total 100  sa 

In  one  case  the  green  clay  shcna-ed  a  total  of  2.15  per  cent  cf  fem< 
oxide,  of  whifh  (L8S  per  cent  was  soluble  in  acid.  The  fla.sliet]  surfao 
of  a  brick  made  from  this  clay  gave,  on  uimlysia,  a  total  of  2.'M  per  eenl 
of  ferric  oxide,  of  which  0.14  per  cent  was  soluble  in  nitro-hydmclilom 
acid,  thus  indicating  that  during  the  burning  most  of  the  iron  oxide  hw 
combined  with  silica,  forming  a  ferrous  silicate. 

2.  The  temperature  reached  must  be  suJTicient  to  cause  a  combinatioi 
of  the  iron  and  silica,  and,  therefore,  it  varies  with  different  clays,  ihl 
combination  being  aideil  by  the  pitjaence  of  Jluxes. 

If  the  kiln  atmosphere  is  oxidising  during  nearly  the  entire  bumii^ 
with  only  a  small  jjeriod  of  reduction  at  the  end,  the  temperature  reacbei 
must  be  comparatively  high  in  order  to  insure  union  of  the  iron.ai 
silica  by  fusion.  If,  however,  a  reducing  fire  is  maintained  dxiring  moa 
of  the  burning,  then  the  temperature  neeil  not  be  as  high,  because  Ih 
clay  will  vitrify  sooner.     {See  Fusibility,  Cliapter  III.) 

At  one  factory  it  had  formerly  been  the  practice  to  burn  with  ii 
oxidizing  fire  to  a  high  temperature,  namely,  from  cone  11-12,  and  thm 
to  cause  reducing  conditions  to  take  place  in  the  kiln  during  ihe  Inst 
five  or  six  hours  of  the  bum.  This  practice,  however,  was  changed, 
it  being  found  that  by  niaintnining  a  reducing  fire  during  the  entire 
period  following  water  smoking  a  lower  temperature  was  sufficient. 

3.  The  oxidation  which  causes  the  flashing  probably  takes  place  in 
the  first  twelve  hours  after  closing  the  kiln,  and  cau  be  r^:u]ated  by 
proper  handling  of  the  dampers. 

In  the  experinienta  of  Bleininger,  already  referred  to,  it  was  found 
that  a  nyluftinn  of  air,  e<jual  to  20  per  cent  he]<)w  llmt  require*!  fm 
ideal  oxidation  and  considered  as  100,  is  usually  sufficient  to  proihif* 
flashing. 
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By  this  is  meant  that  "100  jier  cent  of  air  repreeente  theoretically 

a  conditions,  in  which  just  enough  air  is  present  to  consuin«  v,]\  the 
mbustible  gases  forming  CO^;  less  than  KM)  i)er  cent  of  air  corresponds 

reducing  conditions.  For  instance,  if  an  analysis  on  ctdculatiun 
represents  90  per  cent  of  air,  it  tells  us  that  the  gases  are  reducing  to  the 
extent  of  10  per  cent  of  air;  similarly,  110  i>er  cent  shows  an  excess  of 
air  to  the  amount  of  10  per  cent." 

Wliile  100  per  cent  represents  theoretically  the  amount  of  air  required 
for  perfect  combustion,  still  in  actual  practice  with  coal-fuel  the  mixtiwe 
of  gases  is  not  perfect,  and  it  may  be  necessary  to  have  more  than  100 
per  cent  of  air  present  tn  bring  about  thorough  oxidation. 

4.  As  regards  the  rate  of  cooling,  it  was  found  that  the  longer  the 
period  of  cooling  from  the  maximum  temperature  down  to  approxiiiwitely 
70t)°C.  the  darker  the  flash  imJer  given  conditions. 

Enameled  brick. — The  clays  used  for  these  are  similar  to  those  em- 
ployed in  the  manufacture  of  l>uff  pressed  brick.  The  enamel  is,  of 
course,  an  artificial  mixture,  but  must  conform  to  the  clay  body  to 
ftvold  cracking  or  scaling  oS  of  the  coat. 


Paving-brick  Gays 
A  considerable  variety  of  materials  is  used  for  paving-brick  manu- 
facture, ranging  from  common  surface-days  to  semi-refractory  ones, 
but  those  most  frequently  cm[)loy(Hl  are  Impure  shales,  these  being 
often  found  to  give  the  dc«iretl  vitriiied  body  at  not  too  liigh  a  tcmpcra- 
tiU¥.  Shales  of  this  character  have  a  wide  geographical  and  geological 
distribution,  but  those  most  extensively  worketl  are  in  the  Carboniferous 
of  Ohio,  Pennsylvania,  Indiana,  an<l  Illinois.  In  New  Y(trk  and  Marj- 
land ^Devonian  shales  have  yielrled  excellent  results,  ami  in  the  Western 
States,  such  as  Colorado,  the  Cretaceous  shales  are  of  importance  in  this 
connection. 

(       Wheeler  *  gives  the  following   range  of  composition  of  paving-hrick 
cloys: 

RWOF.   tiF  roMPOSrXtON    op    pA^^NG-nRICK   C|-\T9 


Average. 


SiUca  (SiO,> 

Alumina  (Al,0^) 

Kerri'"  oxide  (tCjO,). 

Lime  (Ca,<.f) 

Miignosia  (MgO) 

Alkalies  (Nft,O,K,0). 
Ignition,  lo68 


Moni- 

Miixi- 

ca  lua. 

mum. 
75  00 

4fl ,  IX) 

11   00 

'J.5-00 

2. on 

9,00 

.■JO 

3.50 

.10 

3.00 

l.CKl 

5,50 

3,0U 

13.00 

5fi  00 
22.50 
6  70 
1.20 
1.40 
3.70 
7.00 


Mo,  Geo!.  Surv..  XI.  p.  456.  IHWi. 
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Williams  ^  gives  the  following  limits  between  which  the  diHerent] 
ingredients  of  Iowa  paving-brick  clays  range: 


Ranqjb  op  C0UPO6IT10N  OF  Iowa  Pavino-brick  Clata 

Maximum,    Vinimam, 
l«r  M>iiL        per  cMit. 

Silica  (SiO,) 74  58  58 .50 

Alumina  (Ai,0,) 22.33  8 , 28 

Ferric  oxide  (Fe,0,) 6.75  2.88 

Lime  (CaO) 3  42  J  S5 

Magnesia  (MgO> 3 ,47  1.22 

Potash  (K^OJ 115  .29 

Soda  (No,0) 1  79  1-08 

Water  (ILO) 6.33  1  07 

Carlwu  dioxide  (CO,) 2  23  1  73 

Sulphur  trioxido  (SO,) 1  85  1 .28 

MoiBture. .." 1. 13  28 

The  anal>'ses  show  a  rather  high  |>ercentage  of  total  Buxes. 

Clays  for  paving  bri(;k,  HhuuUI  f>ossess  fair  plasticity,  since  they  arej 
commonly  nioldotl  by  the  stiff-iniKi  procesa;  they  should  have  good! 
tensile  stronglh,  and  a  range  of  not  less  than  250°  F.  between  the  poiniaJ 
of  incipient  vitrification  and  viscosity- 

Fir«proofing  and  Hollow-brick  Clays 

The  clay  used  for  making  hollow  bricks  and  fireproofing  vary  witl( 
the  locality.  At  not  a  few  yards  where  r«i  bricks  are  manufactured 
the  recl-btu-ning  surface-clays  of  rieistocene  age  are  employed.  In 
New  Jersey,  where  many  thousand  t^ins  are  nnntially  produced  to  supply 
the  New  York  and  other  large  Eastern  markets,  a  mixture  of  retl-buming 
sandy  clay  and  a  small  amount  of  low'prade  fire-clay  are  chosen,  whila 
in  the  States  of  the  Kastcm  and  Central  coal-mcasurc  areas,  as  in  Pennsyl- 
vania, Ohio,  Indiana,  and  Illinois,  Carbonifenius  shales  arc  widely  used. 

It  Is  therefore  difficult  to  lay  down  any  fixed  set  of  requirements  for 
the  niw  materials  of  this  class.  This  much  can  be  said:  They  should 
have  aufficient  plasticity  to  flow  smoothly  through  the  peculiar  shn^ie 
of  die  U8e<l  in  making  them;  they  shovild  also  possess  fair  (ensile  strength; 
burn  to  a  gtMxl  liard  but  not  vitrified  boily  at  a  comparatively  Inw  cone. 
Conrreti<mary  masses,  if  present,  shnulil  be  cither  removed  or  crushed. 

The  following  analyses  show  well  the  composition  of  clays  or  shales 
userl  for  (hia  kind  of  ware: 


Uica  (."mUjI.  .  .  , 
kl.itnina  (Al/>,) 
'erric  oxide  (J'ejO,), 
''crrojs  oxide  (teO) 
jme  ((.'3t>) 

lacne'^ia  (MeO>, 

Wash  tK,0) 

bda  (Na/)) 

ritftniim  oxide  (TiO,). 

Vftter  {H,Oj 

dobitiire. 

!UriM>n  ilioxide  (CO,).  . 
Sulphur  irioxide  (S<',). 


I.   Naiional  Umproofing  ri...  Koa*Sey.  N.  J.     N.  J.  Oid.  Surv..  Vintl  Uepnn.  VI,  p.  2K2,  100*. 
IL   VnderclNy  lienpKth  riml   II,  Cniiiirltun,  Iri<l.      Iml.  Dept.  Gecil.  satt  Nnt.  Hon..  21Kb   Anit. 
Ilcpl..  t>,  33»,  tfl04. 
III.  RepnacDtttlivc  f>lulc-<-Iity  fr^ni  Imwu,     In.  Ceil.  .Surv.,  XIV.  p.  332,  1001. 

The  physifal  tests  of  fircproofing  clays  shown  on  page  194  are  given 
n  the  New  Jersey  Geological  i>un'cy  re]>ort.i 

The  tjibulation  is  not  without  interestf  and  shows  a  coasidcrable 
variation  in  certain  dircction.s.  The  air-shrinkage  shows  little  variatiim, 
but  the  tensile  strcngtii  shows  a  great  range.  Of  these  different  samples, 
Kos.  1,  2,  and  6  are  practically  from  the  same  IxhI.  No.  5  is  from  the 
of  the  Uaritnn  series,  and  i.s  one  of  tlie  must  dense-burning  chiys  to 
jouod  in  that  section  or  even  New  Jersey.  Most  of  these  clays  have 
'V^>urne<l  to  cone  01  liefore  heconiing  sleel-liard,  the  one  exception 
being  No.  5.  which  biirrus  ^-ery  hard  at  cone  05.  They  all  burn  red. 
The  pyrite  and  lirnonite  (uniules  are  abundunl  in  some  of  the  layers,  and 
in  burning  often  fuse,  swell,  and  spall  off  pieces  of  the  ware. 

r  sup-clays 

A  slip-clay  is  one  containing  such  a  high  percentage  of  flu.\ing  im- 
purities, and  of  such  texture  that  at  a  low  cone  it  melt's  to  a  greenish  or 
brown  glass,  thus  forming  a  natural  glaze.  It  must  be  fine  grained, 
free  from  lumps  or  concretions,  show  a  low  air-shrinkage,  and  mature 
in  burning  at  as  little  above  cone  5  as  ptissible. 

While  easily  fusible  clays  are  not  uncommon,  all  do  not  melt  to  a  good 
glaze. 

"A  good  slip-cla.v  makes  a  glaze  which  is  free  from  defects  common 
to  artificial  glazes.     It  will  fiit  a  wide  range  of  clays,  and  since  it  is  a 

'  N.  J.  Geo).  Surw.  l-inal  Uept.,  VI,  p.  280.  1904. 
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itural  clay  it  will  undergo  the  same  changes  in  burning  as  the  body 
which  it  is  placed.  ArtiJicial  niixtiires  of  e?cuct]y  similar  cuinpositian 
the  natural  c-laya  have  failed  tu  give  the  excellent  results  as  to  gloss 
color  timt  are  attained  by  the  natural  cluy."  * 

While  several  fair  sli|>-rlays  have  been  found  in  different  parts  of  the 
country,  none  have  given  tliorough  satisfaction  except  the  Albany, 
N.  Y.,  material,  which  is'sliipped  to  all  parts  of  the  United  States  for 
pottera'  use. 

In  applying  the  glaze  to  the  ware  the  clay  is  mixed  with  water  to  a 
creaniy  consistency  and  applied  to  the  ware  either  by  dipping  or  spraying. 
Attempts  have  sometimes  l>ecn  made  to  lower  the  fuaiiig-|>oint  of  the 
[slip  by  the  addition  of  fluxing  oxides. 

The  following  are  analyses  of  slipM^lays: 

ANALvtea  or  Slip-clatb 


I 


Silica  (SiO.) 

Alumina  (AJ,0,} 

Ferrio  oxide  (Fe,0,) 

time  (CftO) 

Magnena  (MgO) 

Potash  (K.O) 

Sod»(Nft,6) 

Muiganese  oxide  (MnO) 

Titanium  oxide  (liOj) 

Phosphorus  pentoxiae  (P-O.) 

Water  (H,0). 

C&rboD  dioxide  (00,)  and  moisture. 

TotAl 


1. 


jfl.tto 
H.SO 
5.8U 
6.70 
2  48 
3.23 
1.07 
.14 


.15 
5.18 
4.94 


9S  09 


U. 


H.17 
a. 81 

1I.64 
4.17 

2.90 
.71 


3  90 

15.00 


98. 00 


Ul. 


oa.tK! 

13.57 
7.77 
2.55 
1.47 
2  63 
.88 


4.76 
2.90 


100. to 


IV. 


38. OS 
11.38 

2.60 

23.70 

tr. 

.58 

1.60 


.70 


3.03 

18.80 


100.48 


V. 


57.01 
11.85 
3.02 
9.56 
1.20 
.75 
2.01 


1.13 


4.00 
8.00 


98.53 


1.  AlUnv.  K   V.     Oliirn  Oeul  8ur>-.,  VII,  p.  103.  1893. 
II.   KowLey,  Mich.      Ibi.i.,  p.  L09. 

III.  Brimfitifl.    O,     Ibiii,.    i>.    106. 

IV.  Leon  Crveli  ntwr  Sun  Antonio.  Tex.      ().  H.  Palm,  anal. 
V>  AUian  Cre«k  nciir  Snn  Aotunio,  Tex.     O.  H.  Palm,  aoaL 

The  use  of  slip-clays  for  glazing  stoneware  is  decreasing  each  year, 
because  an  artificial  white  glaze  is  now  usually  preferred. 


1 

I 


MISCKLLANKOUS   KIXDS   OP  CI.AYS 


Clays  Used  when  Burned 

umbo-clay. — Under   this    name    there   are    included   certain   fine- 

ined,  higlily  plastic,  tenacious  clays  of  surface  character,  which  are 

found  at  many  points  in  the  Western  Central  States.    Their  high  shrinkaiie 


I  la.  Geol.  Surv..  XIV,  p.  224,  1904. 
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and  dense  character  prohibits  their  use  for  brickmaking,  but  they  i 
found  excellently  adapted  to  the  manufacture  of  railroad  ballast. 

Wheeler,  in  describing  the  Missouri  occurrences,*  states  that  iheyj 
do  not  differ  chemically  from  common  brick,  paving  brick,  sewer-pipe 
or  other  biuTit  clays,  and  "their  peculiar  value  for  burnt  ballast  is  entirely 
a  physical  one."     He  givea  the  following  variation  in  composition: 

Silica  (SiO,> ! 55    -65 

Ahimina  (Al,0^) 15     -30 

Ferric  oxide  (Fe,0,) 5    -7 

lime  (CaO) 1-3 

llagneeia  (MgO) 6-2 

AlkalitM  (NaA^iO) 2.5-4 

Water  (H,0) 6     -10 

Fluxes 10    -15 

Their  physical  properties  range  as  below: 

Water  required 22-25  pc*  cent. 

Average  tensile  strength 270-410  Iba.  periq.in. 

Air-ithrinkage 8-10  per  cent. 

Fire-shrinJvHRe l-H  per  tvot. 

Incipient  viirificalion leOC-lTOtf*  F. 

Complple  vilrification 1750**-1S50*  F. 

Viscosity lOOff'-SOOO"  F. 

Retort-clay. — A  dense-burning,  plastic,  acmi-refractorj*  clay  used 
chiefly  in  the  manufacture  of  gas-retorts  and  zinc-retorta.  In  Ner 
Jersey  the  t^rm  is  often  appUwl  to  stone  ware-clays. 

pot-clay. — A  cliiy  used  for  the  nmnufacture  of  glass  pots,  and  conse- 
quently representing  u  very  dense-burning  fire-clay.  In  refract4)riDP» 
it  ranjip^s  from  u  hjtjhly  rcfniotnry  to  a  refractory  day. 

Ware-clay. — A  term  sutiictinies  used  for  ball-clays,  especially  in  Xbt 
Woodbridgc,   N.   J.,  district. 

Pipe-clay. — This  is  u  term  upplictl  to  almost  any  finp-pniined  pla.<>tie 
clay.  Strictly  si>eukiiig,  it  would  refer  to  a  clay  used  for  making  aewer- 
pipe. 

Sagger-clay. — This  is  a  term  applied  to  clays  which  arc  used  in  s 
mixture  for  milking  the  saggers  in  which  the  white  wore  and  otlwT 
high  grades  of  pottery  are  burned.  They  are  commonly  rather  siliceous 
in  their  charactor.  although  some  may  be  used  on  account  of  their  Ixjnding 
power  and  freedom  from  grit  to  iuild  the  more  poroxis  grades  together. 
As  far  as  the  physical  properties  go  the  sagger-clays  ore  not,  therefore, 
representefl  by  any  one  type.  Their  refractoriness  varies  from  that 
of  a  refractory  to  a  scmi-rt^fractory  clay. 


Wad-clay. — This  is  a  low  grade  of  fire-clay,  which  is  used  for  grouting 
tie  joints  between  the  saggers  when  thej'  are  set  up  in  bungs  in  the 
ctlns. 

Portland- cement  clay. — The  use  of  clay  or  shale  for  Portland  cement 
13  the  most  importaru  of  what  may  be  termed  the  minor  uses  of  clay. 
Portland  cement  is  essentially  an  artificia!  inixtum  of  lime,  silica,  and 
ilutnina.     The    first  of   these    is    usually   supplied    by    some   form  of 
ilcareous  material,  such  as  limestone,  marl,  or  chalk,  while  the  other 
Jwo  are  obtained  by  the  selection  of  clay  or  shale,  the  mixture  eon- 
sting  approximately  of  75  per  cent  lime  carbonate  and  25  per  cent 
tlay  or  shale. 

Clays  or  shales  to  be  used  for  Portland-cement  manufacture  should 
\ye  as  free  as  piwisible  from  coarse  particles  or  lumps  of  sivnd,  gravel,  or 
concretions.     These  conditions  are  best  met  by  the  transported  clays, 

t since  residual  clays  are  frequently  sandy  or  stony,  nnd  many  glacial 
clays  notably  so.  An  examination  of  the  analyses  of  clays  iLsed  at 
different  works  in  this  country  shows  that  the  silica  percentage  ranges 
from  5()  to  70  per  cent;  when  calcareous  clays  are  tised  it  may  fall  below 
^h50  per  cent. 

^P      The  analyses  shown  on  page  198.  give  the  composition  of  clays  em- 
~ ployed  at  a  number  of  different  localities. 

It  is  not  to  be  understood  from  what  has  been  said  above  that  the 
clays  whose  anal>*sc3  are  given  can  -be  used  only  for  Port  land -cement 
manufacture;  indeed  nearly  all  of  them  could  be  utilized  for  some  kind 
-pf  claj'  product. 


Clays  Used  in  Unburned  Condition 


t 

H  Paper-clays. — These  form  a  type  of  clay  much  used  by  paper  manu- 
Hfacturers,  and  which  are  mixed  in  with  ttie  pulp  fiber,  eo  that  the  latter 
can  enmesh  a  certain  amount  of  the  clay  particles.  The  degree  of  plasticity 
of  the  day  seems  to  play  an  important  role,  since  it  is  found  that  a  given 
paper  will  often  retain  a  nmch  greater  proportion  of  some  clays  than 
others,  those  of  which  the  greatest  quantity  is  retained  being  the  most 
plastic.  Sand  is  an  undesimblo  constituent  of  pai>er-clay,  for  the  reason 
that  the  .sand-grains  wear  tfie  wires  of  the  screens  through  which  the 
materials  have  to  pass..    It  can  often  be  eliminated  from  the  clay  by 

) washing.     Whiteness  of  color  is  a  third  essential,  and  must  be  a  primary 
jBharacter  of  the  clay. 
[      The  best  grades  of  papeiMjlay  are  some  imported  washed  kaolins, 
but  large  quantities  of  good  paper-clay  are  also  obtained  from  the  Potomac 
formations  of  Georgia,  and  the  Cretaceous  and  Tertiary  ones  of  South 
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AKALTaKB   or   POftTl.AXD-CEMBNT  CLATS 


Silica  (SiOJ 

Alumina  <Al,C»,) 

Ki^rrir  oxide  (FcjO,).. . . 

Lime  (CaU) 

A'anTifsia  { MgO) 

Poiash  (iLo) 

Soda  (Nft,0) 

t>iili>hiir  trioxide  (SO^. 
TaiDon  Hio3(ido  (CO,). . 
Water  iH,0) 


53  30 

33.29 

».fi2 

.36 

I.3li 
2.7e 


5.16 


63.73 

22.12 

9.01 

2.83 


in. 


74.29 

12.06 

4.92 

.41 

.68 

.76 

1.80 


IV. 


64.85 

17.96 

5.92 

2.24 

1.40 


4.98 


V. 


55.27 

10.20 

3.40 

9.12 

5.73 


n 


40.£« 
S.5S 
284' 

20  91 
1.32 

I  BT 


17  ro 

5.tt 


Silira  (SiO.) 

Alumina  (A1,C^) 

Ferric  oxido  (f  CjOJ . . . 

LinM-(raO). 

Magiieeia  (MgO) 

Pola^fh  (KjO) 

8<>ria  (NaA>) 

8iilpliiir  triojcide  (SOJ . 
Carbon  dioxidP  (CO,).  . 
Wat^T  (l^jO] 


vu. 


57.08 
18.26 

4.67 
1.75 
1.83 


1.26 

12.08 


vin. 


61.09 
10.19 
6.78 
2.51 
.65 
1.8 
1.36 
1.42 

5.13 


IX. 


54  30 

19.33 

5.57 

3.20 

2.57 


2.36 


61  92 

16. AK 

7.84 

2.01 

1.58 

>    3.64 

tr. 


XI. 


56  27 

'2S.I5 

S.B4 
2  25 
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Carolinn.  The  .\lgonkian  kuoiins  of  Maryland,  lioluwarc,  and  Connecticuti 
as  wcli  as  the  white  ret^ii-luul  Cainbro-f^ilurian  ones  of  southeasten 
Pcnnsylvariiu,  liave  also  Ijeen  used  for  this  pur|xwie. 

Mauy  of  these  fh»ys  are.  however,  also  utilized  for  the  manufacture  o 
clay-prixlucl'i.  surh  as  white  earthenware,  wall-tile,  etc. 

Hineral  paint. — C'erliiin  clays  and  sliales,  when  ground  and  misei 
with  oil.  make  a  good  grade  of  mineral  paint.  Their  color  in  muil 
cases  is  due  to  some  fonii  of  irtm  o.xide,  or  piore  rarely  mangiUM 
Ochcr  is  uften  nothing  more  than  a  (ine-grained  ferruginous  clay  colom 
by  limonitc,  and  the  same  may  he  true  of  sienna. 

Mineral  paints  made  from  clays  and  shales  fitrin  a  cheap  and  satisfac- 
tory form  of  pigment  for  a]>ptication  to  wofHien  surfaces.     The  val 
cf  the  material  depends  to  a  large  extent  on  the  shade  of  color,  its  textur^ 
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nd  tlie  amount  of  oil  that  has  to  be  mixed  with  it  in  order  to  get  the 
roper  degree  of  fluidity. 

Ultramarine  manufacture.— Washed  kaolin  or  even  very  fine-grained 

hite  sedimentary  flays  are  used  in  the  manufacture  of  ultramarine  to 

:r\'C  as  a  nucleus  f<»r  pithcring  the  coloring  material.     Tor  this  work 

the  clay  should  be  as  Imv  in  iron  or  lime  as  possible,  and  an  exc«s6  of 

silica  is  imdcsirablc. 

Polishing  and  abrasive  materials. — Many  claj's  exert  a  combined 
polishing  and  abrasive  action,  on  account  of  the  very  finely  divided  grains 
of  sand  which  they  contain.  The  well-known  liath  brick  which  has 
such  an  extensive  domestic  use  for  scouring  .steel  utensils  is  simply  a 
fine-gra)ne<l  siliceous  clay,  which  is  deposited  during  high  tide  along 
the  banks  of  the  I*arrot  River  in  England. 

Some  clay  is  used  for  bonding  purjinj^es  in  the  manufacture  of 
corundum- wheels.  These  are  burned  before  use,  so  that  the  clay  vit- 
rifies and  holds  the  corundum-grains  together. 


METHODS  OF  MINING  AND  MANlTFAtrrURE 

MRTHODS    OF    MINING 

Prospecting  for  Clays 


I 

be  of  much  aid  to  the  clay-worker  in  prospecting  for  clays,  but  several 
additional  points  may  be  mentioned  by  which  beds  of   clay  may  be 
1     located. 

'H  Outcrops.^Thc  presence  of  a  claybed  is  usually  detected  by  means 
i(  of  an  outcrop.  These  exposures  arc  commonly  to  be  found  on  inclined 
surfaces,  such  as  hilltops,  or  where  naturul  or  artificial  cuts  have  been 
made.  The  w:ishing  out  of  gullies  by  heavy  rains,  the  cutting  of  a 
stream  valley,  railroad  or  wagon-rojid  cuts,  all  form  gofxl  places  in 
which  to  look  for  outcropping  clay-lwds.  The  newer  the  cut  the  belter 
the  exposure,  for  the  sides  of  such  excavations  wash  down  rapidly,  and 
a  muddy-red  surface-clay  or  loam  will  often  run  down  over  a  bed  of 
lighter  colored  clay  beneath  so  as  to  completely  hide  it  from  view.  If 
the  cat  is  deep  and  freshly  made  the  depth  of  weathering  can  frequently 
be  determined. 

Springs. — In  many  cases  the  presence  of  clay  is  shown  by  the  occur- 
rence of  one  or  more  springs  issuing  from  the  same  level  along  some 
hill-slope.  These  are  caused  by  waters  seeping  down  from  the  surface 
(Fig.  38)  until  they  reach  the  top  of  some  impervious  clay  stratum, 
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Ponds, — In  many  regions  covered  by  glacial  drift,  pools  of  water  aro 
often  retained  in  depre&siuus,  because  of  the  presence  below  of  a  water- 
tight bed  of  clay  {Fig.  40).    It  does  not  necessarily  indicate  a  thick 


FiCi.  40. — ^Forraation  of  u  pond  due  to  a  cluy-bed  beneath  s  deprission. 

de]ioj*U,  for  a  very  thin  layer  often  holds  up  a  considerable  body  of  water. 
Such  ponds  may  likewise  in  rarer  instances  be  cause<l  by  ground-water 
aeeplug;  down  from  higher  levels,  even  in  the  absence  of  rlay. 

Vegetation. — Clay-deposits  in  some  areas  produce  a  different  type 
of  phiiit  growth  from  other  soils,  but  the  character  of  the  veget^atioa! 
can  only  be  used  aa  a  subordinate  aid  in  the  search  of  clay. 


Sliowing  melhotl  of  workitiR  cl:iy  in  ii  rectangular  pit.     (Alter  Rica.  N.  J.  GpoI. 
riun-..  Fin.  Ropt..  VI.  p.  34.  1904.) 
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EXPLOITATION    OF   CLAV-DKPOSIT8 


W 


I 


I 


The  location  oC  a  clay-deposit  is  followed  by  n  determination  of 
its  thickness,  extent,  character,  and  uses.  The  first  two  points  and 
some  facts  tx»ring  on  the  tliird  are  detennined  in  the  field;  the 
behavior  of  the  clay  when  mixed  up  and  burned  is  found  out  by  tests 
made  in  the  laboratory  or  at  wime  factory,  and  the  information  thus 
obtaineii  indicates  the  coinineroiul  value  of  the  material. 

To  delemiine  the  thjckness  and  extent  of  the  deposit  a  careful 
examination  should  be  made  of  all  clay  outcrops  in  ricigliborinp;  KiiU'es, 
or  other  cuts  on  the  property  havirt)^  the  clay.  Since,  iiowever,  most 
clay-slopea  wash  down  easily,  it  may  be  necessary  to  dig  ditches  from 
the  top  to  the  bottom  of  the  cut  or  hillside  in  order  to  uncover  the  undis- 
turbed clay-beds.  In  most  cases,  however,  the  cuts  are  not  sufficiently 
dose  together  and  additional  means  have  to  l}e  taken  to  determine 
the  thickness  of  the  deposit  at  intermediate  points.  Such  data  are 
sometimes  obtainable  from  wells  or  excavations  made  for  deep  ('Dllars, 
but  the  information  thus  obtained  has  to  be  taken  on  hearsay.  Borings 
miule  with  an  auger  furnish  a  more  satisfactory  and  rapid  inean.s  of 
determining  the  thickness  of  the  clay-deposit  away  from  the  outcrop. 
A  post-hole  auger,  cutting  a  hole  of  three  to  four  inches  diameter,  can 
easily  be  used  to  a  depth  of  30  or  -W)  feet,  white  one  of  two  inches  diameter 
can  be  sunk  to  100  feet  without  much  difficulty. 

From  comparison  of  the  data  obtained  from  the  bore-holes  and 
outcrops,  any  vertical  or  horizontal  variations  in  the  deposit  can  usually 
be  traced.  Limunite  concretions  or  crusts,  if  present  in  any  abundance, 
are  alratjet  sure  to  be  discovered,  and  even  the  dryness  of  the  beds  can  be 
ascertained.  Variations  in  the  thickness  of  the  bed  and  amount  of 
strippitig  are  also  determinable.  Jf  small  samples  are  desired  for  labora- 
tory testing  these  can  be  taken  from  the  outcrops  and  bore-holes,  but  if 
samples  are  wanted  fmm  the  intermediate  points  it  ia  best  to  sink 

pits  where  the  borings  were  made. 

In  some  regions  the  clay-miners  make  use  of  an  auger  to  guide  them 
in  their  difyrine  operations,  this  being  often  necessary  on  account  of 
the  rapid  variations  that  may  occur  in  any  one  ileposit. 

Adaptability  of  Clay  for  Working 

Having  determined  the  thickness,  extent,  and  character  of  the  clay 

there  still  remain  scvenil  important  point.s  which  have  to  be  considered. 

One  of  these  is  the  amount  of  stripping,  for  if  the  clay  is  not  of  high 


204 


CLAYS 


grade  it  will  not  pay  to  remove  much  overburden  unless  the  !att«r  nil 
be  used.  It  is  sometimes  utilized  for  filling,  where  the  factory  is  to  be 
erected  next  to  the  bank,  or  for  admixture  wilh  the  clay,  cspwiany  H" 
the  latter  is  too  plastic  or  fat.  In  such  event,  however,  the  overburdea 
should  be  free  from  pebbles,  or  if  not  it  should  be  screened.  Frequent 
n^lect  of  this  often  injurc-s  the  bricks.  If  the  overburden  is  clean  sand 
it  can  often  be  dispascd  of  for  foundry  use,  building  or  other  pUiposes. 

Drainage  facilities  must  be  looked  out  for,  since  dryness  is  esseutial 
for  successful  and  economic  working  of  the  clay-bed.  In  some  dlt^trirts 
the  clay  is  underlain  by  a  stratum  of  wet  sand,  which  should  not  be  pene- 
trated. In  rare  cases  an  underlying  sand-bed  is  dry  and  may  exen  serre 
for  drainage  purposes.  If  the  clay-deposit  lies  below  the  level  of  the 
surrounding  countn.-.  drainage  will  be  more  difficult  than  where  the  bed 
outcrops  on  a  hill.'^ide,  although  in  the  latter  case  trouble  may  be  and 
often  is  caused  by  .springs. 

Some  banks  contain  several  different  grades  of  clay,  and  it  then  rennains 
to  see  whether  they  are  all  of  marketable  character,  or,  if  not,  whether 
the  expense  of  separating  the  worthless  clay  will  overb^ance  the  profit 
derived  from  the  salable  earth. 

Transportation  facilities  are  not  to  be  overlooked,  either  for  tlie  raw 
clay  or  for  the  product,  where  the  fantory*  is  located  at  the  pit  or  bank. 
Long  haulages  with  teams  are  costly,  and  steam  haulage  is  far  mow 
economical  when  the  output  warrants  it;  but,  even  with  the  establish- 
ment of  favorable  conditions  in  every  case,  the  Bucceesful  marketing  of 
the  product  is  sometimes  a  long  and  tedious  task,  for  many  manufact 
hesitate  to  experiment  with  new  clays. 

Methods  of  Winning  the  Clay 

Clays  and  shales  are  commonly  worked  either  as  open  pits  or  quim^ 
workings  or  by  underground  methods.  The  oi)en-pit  method  is  practised 
at  most  localities  where  the  deposit  lies  at  or  near  the  surface  and  there 
is  little  or  no  overburden  to  be  removed.  If  the  clay  is  soft  and  the  quaih 
tity  to  be  dug  small  picks  and  shovels  am  commonly  used,  but  for  mora 
extensive  operations  plows  and  scrapers  are  cheaper  and  of  greater' 
capacity.  Tn  extensive  works  steam-shovels  (PI.  XXVI.  Fig.  1)  are  the 
best  and  most  economical  means,  and  capable  of  excavating  even  »>it 
shales.  They  can  he  used  with  a  face  of  15  or  20  feet  height,  but  havB 
the  disaflvantage  of  mixing  the  clay  from  the  top  to  the  bottom  of  the 
bank. 

In  deposita  of  very  tough  clay  or  hard  shale  blasting  is  freqtiently 
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necessary  in  order  to  loosen,  up  the  material.  Since  surface-waters 
often  trickle  through  the  soil  until  they  reach  a  elay-£urface  and  follow 
it,  there  is  not  infrequently  a  series  of  nniall  springs  emerging  along  the 
top  of  a  clay-bauk,  and  the  water  from  these  is  usually  diverted  by  means 
of  properly  constructed  ditches.  In  addition  to  these  ditches,  however, 
it  is  commonly  necessar>'  to  have  additional  ones  on  the  grounrl  at  the 
base  of  the  bank.  If  the  bank  is  hif^h,  that  i.s  seventy-five  feet  or  more 
and  of  soft  clay,  it  is  safer  to  work  it  in  several  benches  or  steps  (PI. 
XXXIII,  Fig.  2)  and  not  us  a  vertical  face,  for  the  latter  will  be  apt  Xo 
filiiie  if  the  clay  gets  water-s<jakeci.  Neither  should  the  factory  be  located 
close  to  the  base  of  such  a  bank,  where  there  is  danger  of  slides,  and  the 
writer  has  seen  several  instances  in  which  yards  have  Ix-en  buried  in 
this  manner.  The  ease  with  which  large  masses  of  clay  will  »jmetimes 
cave  or  slide  when  softened  with  water  was  well  illustrated  recently  at 
Haverstraw,  N.  Y-,  when  a  portion  of  a  large  cliff  overlooking  the  clay- 
pits  sank  down,  carrj'ing  many  hoiu*es  and  people  with  it. 

Where  the  clay  is  not  of  uniform  quality  from  top  to  bottom,  or 
when  a  number  pf  layers  of  different  kind.s,  as  terra-cotta,  fire-,  and  stone- 
ware-clay are  present,  it  is  then  necessary  to  strip  off  each  one  separately 
and  place  it  in  a  storage  pile  by  itself.  This  is  notably  the  custom  in 
the  Woodbridge  and  Perth  Amboy  districts  of  New  Jersey,  and  the 
practice  followed  there  may  be  described  in  some  detail,  as  the  same 
method  might  be  adopted  in  other  partu  of  the  coastal  plain  area. 

In  the  area  referred  to  the  Ijetter  grades  of  clay  are  generally  dug  by 
small  pits.  These  are  commonly  square,  and  about  ten  to  fifteen  feet 
or  more  on  a  side  (Fig.  41),  and  the  depth  is  usually  that  of  the  thickness 
of  the  good  clay  in  the  bed.  Around  Woodbridge  the  muiers  commonly 
penetrate  the  No.  1  fire-clay  or  sometimes  the  extra  sandy  clay  below,  but 
the  depth  is  oftentimes  determined  by  the  character  of  the  ground  and 
presence  or  absence  nf  water  underneath.  Where  there  is  danger  of 
the  pit  caving  in.  the  sides  are  sometimes  prtitected  in  the  weak  parts 
by  planking,  held  in  place  by  cross-timbers. 

The  clay  Is  dug  by  a  gouge-spade,  which  differs  from  an  ordinary 
^>ade  in  having  a  curved  or  scnti-cylindrical  blade,  as  well  as  a  tread  on 
its  upper  edge,  to  aid  the  digger  in  forcing  it  into  the  tough  clay.  A 
Itnup  of  clay  Jug  by  tlie  juttnun  Is  termed  a  spU,  and  in  taking  out  the 
material  it  is  customary  to  dig  over  the  area  nf  the  bottiim  of  the  pit 
to  the  depth  of  a  spade  and  then  begin  a  new  spit.  The  thickness  of  any 
bed  of  clay,  therefore,  is  always  judged  in  spits. 

Wliere  a  pit  is  dug  so  <leep  that  it  is  not  possible  for  the  workman 

throw  or  lift  the  lumps  to  the  surface  of  the  gniund,  a  platform  may 
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be  built  in  the  pit  half-way  up  its  side,  or  else  the  clay  is  loaded  inw 
buckets  (PI.  VIII)  and  hoLsteti  to  the  surface  by  means  of  a  derrid 
operated  by  st^am-  or  hnrse-power.  As  soon  as  a  pit  Is  worked  out 
uew  une  is  begun  next  to  it,  but  n  wall  of  rlay,  1  to 2  feet  thick.  i&  coiin 
monly  left  between  the  two.  When  the  sef^ond  pit  is  done  as  much 
possible  of  this  wall  ts  removed.  A  platform  of  planking  is  laid  on  r 
side  of  the  pit  on  the  ground,  and  the  clay  thrown  upon  this,  the  diffctcQ 
grades  being  kept  separate. 

When  the  clay  lic*i  above  the  grouml-  or  road-level  thprc  is  less  troiibl; 
with  water,  and  it  Ls  not  necessary  to  work  the  clay  in  \n\s,  although  lh( 
general  system  of  working  forward  in  a  succession  of  pit-like  excavaiiutu 
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FiQ.  41. — Section  of  pit  working  in  MiddleHeoc  dUirirt.    (After  Ilie«,  N.  J,  GnL 
Surv.,  Fid.  Kept.,  VI,  p.  33,  1004.) 

or  recesses  is  followed.     In  such  banks  the  cart  or  car  is  backed  agaiu 
the  face  of  the  excavation  and  the  clay  thrown  into  it. 

Unless  a  ntnnber  of  pita  are  being  dug  at  the  same  time,  tlie  outpu 
of  any  one  deposit  or  of  any  one  grade  is  necessarily  small,  since  fi 
or  six  different  kinds  arc  sometimes  obtained  from  one  pit.  It  wouli 
also  seem  that  by  this  method  any  one  grade  of  elay  might  show  great 
variation  than  if  the  excavations  were  more  extended,  for  the  reason  thi 
since  clay-beds  are  liable  to  horizontal  variation,  the  material  extracto 
from  one  pit  might  be  different  from  that  taken  from  tuiother  farther  oi 
Against  this  we  may  of  course  argue  that  the  clays  from  differx;nl  pi 
got  mixed  up  on  the  storage  pile. 

As  these  pits  arc  small  and  the  time  required  for  sinking  one,  namel^i 
two  or  three  days,  is  not  very  great,  but  1  ittle  water  runs  in  tliem ,  allbou»l 
in  some  much  water  cimies  froin  sand  or  other  layers  tlat  arc  sometint«l 
inter-stratified  witli  the  rlay .  The  surface  drainage  is  ojmmonly  diverted 
by  means  of  ditches  dug  around  the  top  of  the  pit.     In  some  districtt 


Fig.  I. —  I>iggmg  t-Iay  by  nicuns  uf  upcti  pits.  At  Itie  top  ol  the  bank,  in  the  buck- 
ground,  a  workman  is  driviiiR  a.  wrdgc  into  the  clay  in  order  lu  break  it  off. 
The  rluy  is  huuliHl  to  the  yortis  in  carts.  (After  Ries,  N.  J.  Geol.  Surv.,  Kin. 
Kept.,  VI,  p.  :):>.  lCfl-1.) 


FlO.  2. — ReniMvinK  lli*  ov«rliur(lnn  from  a  4iale-becl   by  hydra ulickin^^. 
rbo/«  /oantd  by  Ilhnciis  OcologieaV  liutvcv*^ 
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there  is  a  bed  of  water-beariivi  siiiul  underlying  the  lowest  clay  dug,  and, 
as  this  is  approached,  hand-pu.np.s  have  to  be  used  to  keep  down  tlie 
wat«r  until  the  last  spit  of  clay  is  all  taken  out. 

In  digging  a  pit  of  day.  it  is  well  to  avoid  discarding  a  clay  of  lower 
grade  or  mixing  it  with  the  dirt  stripping,  because  it  has  no  market 
value  at  the  time.  Careless  handlina;  of  the  medium-grade  clays  in  the 
Woodbridge  and  Perth  Aniboy  districts  in  the  early  days  of  their  develop- 
ment has  been  the  means  of  spoiling  much  clay  that  would  now  be 
salable. 

Haulage. — ^If  the  ilistancc  from  the  liank  to  works  or  shippiiig-poinfc 
issliort.  wheclbumiws  or  one-h(»rse  carts  are  used,  but,  if  a  longer  haulage 
is  necessan.'.  it  is  more  e<'(momical  to  lay  light  tracks  and  hairi  the  clay 
in  cars  drawn  by  horses  or  small  engines.  Steam  haulage  is  e<:onomical 
for  n  distance  of  perhaps  not  less  than  1000  feet,  and  provided  the 
locomotive  is  kept  constantly  employed. 

When  a  pit  is  to  be  opened,  the  top  dirt,  stripping  or  bearing,  as  it 
is  variously  called,  is  first  removed  to  some  place  where  it  will  not  have 
to  l>c  disturbed,  in  order  to  avoid  the  cost  of  a  second  moving,  but,  after 
one  pit  has  been  started,  it  is  often  customary  to  use  the  stripping  from 
a  new  pit  for  fdling  the  old  one. 

The  cost  of  removing  the  stripping  will  depend  on  its  character, 
whether  hard  or  soft,  the  distance  to  be  moved,  and  the  possibility 
of  its  being  use<l  for  any  purpose,  such  as  filling  or  grading.  The  methods 
of  removal  employed  will  also  afTecl  the  expense.  If  the  thickness  of 
the  overburden  is  considerable  and  a  large  qxiantity  hns  to  be  removed, 
it  is  cheaper  to  dig  it  with  a  steam-shovel  tlmn  by  hand.  Wheel -scrapers 
are  also  employed  at  times,  and  if  the  distance  tn  the  dump-heap  i.s  short 
the  material  can  be  carried  there  in  the  snrajier.  If  the  stripping  can  be 
used  to  mix  with  the  clay  it  is  sometime-s  dug  with  shovels  and  screened 
to  free  it  from  pebbles.  .\  methnd  tried  at  some  localities  is  to  remove 
the  sandy  or  gravelly  overburden  by  washing  (PI.  IX,  Fig.  2).  Thw 
is  done  by  directing  a  powerful  stream  itf  water  from  a  hose  against 
the  face  or  surface  of  the  gravel  and  washing  it  down  into  some  ditch 
along  which  it  runs  off. 

In  selecting  the  site  for  a  dump-heap,  care  should  be  taken  not  to 
locate  it  over  any  clay-deposit  which  Ls  to  be  worked  out  later,  but  the 
presence  or  ab-scnce  of  such  clay  under  the  projwsed  dump  can  commonly 
be  determined  by  a  few  bore-holes  made  with  an  auger. 

Kaolin-mining. — Since  most  of  the  kaolin-dei>osits  worked  in  the 
United  States  are  long  and  narrow,  a  method  oflen  adopted  consists  in 
sinking  a  cirtular  pit  in  the  kaolin  about  25  feet  in  diameter.     As  the 
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pit  proceeds  in  depth  it  is  lined  with  a  cribwork  of  wood  (PI.  XXXIV 
Fig.  1).  This  liniii;;  is  cxtenticd  to  the  full  depth  of  the  pit,  whidi 
varies  from  50  to  UK)  or  even  120  feet.  When  the  bottom  of  the  kaolii 
has  been  reached  the  filliiig-in  of  the  pit  is  bef;un,  the  eribwork  being 
removed  from  the  bottom  upwards  as  the  filling  proceeds.  If  there 
any  overburden  it  is  used  for  fillinjt;  up  the  old  pits.  The  kaolin  Is  rcroovo 
from  the  pit  with  a  bucket-hoist,  and  as  soon  as  one  pit  is  filled  a 
one  may  be  sunk  in  the  same  manner  right  next  to  it.  In  this  way  thi 
whole  vtin  is  worked  out,  and,  if  the  deposit  is  large,  several  pitc  mij 
be  sunk  at  the  same  time. 

A  somewhat  unique  method  of  mining  is  that  practiced  in  the  Con> 
wall,  Eng.,  district  where  the  material  to  be  mined  is  a  sandy  kaolin 
great  depth.  The  method  of  working  is  described  by  J.  H.  Collins' 
as  follows: 

"The  depth  of  the  overburd^in  and  the  extent  of  the  workable  cUy-gToim 
bavitig  been  ttufTicteiitly  oscertaiued  by  pitting  or  Imring  (often  by  n  oumbinatiott 
of  iKith  iii«t)mdh!,u  Khafl  is  Huiik  in  tlie  firm  nick,  near  thecluy  which  is  to  be  workrd, 
and  to  11  depth  of  15  ur  20  futhoni.s.  .\  crotu-ciit  ia  put  out  fn/m  the  battotn 
the  abaft  into  the  cbiy-ground.  This  must  be  securely  limberM  where  it  appitHii 
the  clay-ground.  The  overburden  having  liecn  removed  a!:d  deposited  at  s  ooi 
venicnt  sp<K,  a  niiHc  in  put  up  vertically  through  the  clay  to  the  surface.  In  tliM 
iii  placed  (vertically)  a  wooden  launder,  which  rcachc»  within  a  fathom  oi  two  ol 
the  surface,  and  Is  provided  with  lateral  openings  a  foot  or  two  apart ,  each  of  whii 
ie  closed  by  a  temporarj'  w(»odeij  tovor.  Thif*  i«  called  a  'huituuhcilp'  iBundn 
The  shaft  having  been  c(j{tiipiM>d  with  a  .■suitable  pump,  work  may  be  bc^un  at  one». 
The  clay-ground,  to  a  depth  of  a  fathom  or  so  around  the  buttonhole  launder,  b 
removed  and  a  stream  of  water,  pumped  frtjm  the  shaft  or  brought  aKmg  from 
some  other  sounru,  i^  made  to  flow  (ivnr  the  brolcen  ground,  which  is  at  ifae  same 
time  stirred  up  as  may  bo  nccetuiar}'.  The  fine  clay  particles,  heM  in  susfirttioa 
in  the  milky  .ttreum.  pass  down  the  launder  and  along  the  crom-cut  to  the  dltft. 
whence  they  are  pumped  up  for  further  Irea'tment.  The  quartx-grainH  <*sand') 
and  the  coarser  partirlcs  of  ituca,  Kchurl  (tourmaline),  etc.,  are  shoveled  up  from 
around  the  launder  and  tranime«l  away  to  the  wa«i.c*-duuip.  Afi  the  depth  of 
workings  jncrcases.  other  'buttonholcH'  are  opened,  the  inclinatioo  of  the  clay 
'slopes'  being  at  the  same  time  maintained  by  removing  more  overburden  and 
by  cutting  .i.way  the  margin  of  the  pit. 

"The  clay  raised  in  eiuspension  from  the  shaft  by  the  pump  i.-*  made  to  florr 
through  a  long  series  of  shallow  troughs  called  'micas';  these  are  Met  nearly  level.ard 
the  sln'am  is  divided  agair)  and  again  so  aa  to  leMiwn  (he  rata  of  Son-  and  (o  allow 
the  fine  sandy  and  iTiicaceous  particles  to  settle.  Finally,  the  refined-clay  sirmi 
is  led  into  circular  Btom^-linrd  pila,  prcfuralily  from  V2  to  18  ft.  deop,  where  lb* 
clay  settles  to  a  cicamy  ctmsistcncy,  while  the  overflow  of  nearly  clear  water 
is  conducted  back  to  the  clay-stop:-B,  where. it  again  serves  for  the  washing  pro- 
cess.    The  depuMii  iu  the  'mica*'  U  swept  out  from  time  to  time,  an  operation  whidi 
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couples  only  a  few  tnmateK,  uft«r  which  th^y  are  again  rtMi<iy  to  receive  the  clftj 

The  ihickeneti  clay  fmin  the  piu  piutsen  to  large  atont*-buiU  or  Mlone- 

ned  tanks,  which  arc  from  5  to  S  ft.  deep.     In  many  cases  they  consist  tneiely 

qI  Cwu  diy -built  rubble  walls  placed  as  far  apnrt  n6  the  depth  of  the  tank  und 

puddled   between    with  waste  sand,  containing  a  little  (.lay  from  Huine  previous 

orking.     From  the  ijiiiks,  after  further  seiilwnent.  it  is  trammed  into  the  kiln 

PT  'dry.'       The  dcpOf>it  in  the  micas  k    souietimea  re-washed,  so  oa  to  yield  an 

alerior  product,  which  id  commeTciuUy  t^uld  as  'mica'  or  'uiica-clay.' 

*CaTclaztte'  varies  mnch  in  prodnt-tivenetiH;  in  uhtaining  one  t-on  of  fine  clay 

)  foUowing  ty-productd  have  to  be  dealt  with:     From  3  to  7  tono  of  tiand,  average 

tonii;  2  to  5  cut.  of  coarEC  mica,  average  3  cwt.;  1  to  3  cwt.  of  fine  mien  (mica 

fBlaj),  average  '2  cwt.;  }  to  1  cwt.  of  ^tonee,  moslly  ipiartz.  with,  generally,  much 

'Bchorl'  from  the  stony  vcinH  or  branches.     A  cubic  fathom  oF  cartUutile  of  good 

quality  will  yield  about  three  tons  of  Bne  ciny;  on  an  average  nearly  half  a  cubic 

ffttbom  of  overburden  must  be  removed  in  order  to  get  it." 
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A  somewhat  similar  method  has  recently  been  adopted  to  work  the 
kaolm-depositis -  at  Weat  Oirnwall,  Conn.,  and  the  following  description 
of  it  13  given  by  A.  11.  Ledoux:^ 


^. 
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"The  k.io!  in -deposit  of  West  Cornwall  is  an  all*rafion  in  gUu — that  is,  it  is  not 
sedimentary.  A  series  of  clay-veins,  dipping  about  50*  from  the  vertical,  lie  Iwtween 
a  foot-wall  of  limonite  and  a  hanging-wall  of  gneiss  and  hornblende  schist.  The 
day-veia?  altema(4<  with  veins  or  suunut  of  more  or  less  brnken  quartz  and  unaltered 
felditpar.  The  depoisir..  which  occurs  at  a  point  about  GOO  ft.  above  the  Houmatonic 
Ri\*er,  was  opened  five  years  ago,  and  about  5000  tons  of  washed  kaoCin  ha.s  Ijeen 
extracted  from  open  iwts  and  wold. 

"Mr.  Wanner  wmceivcd  the  schctne  to  disintegrate  the  kaolin  iw  ititu  by  means 
f  jetti  of  water  under  suthcient  prcsMurc,  and  floating  tlie  rtwultant  product  to  the 
surface.  To  accomplish  this  result  hntcH  arc  dritlwl  through  the  overlying  gnei.ss, 
a  pipe  of  l-in.  intenial  diameter  is  inserted  into  the  Iwire  and  driven  into  the  clay- 
hody  to  within  a  few  feet  of  the  foot-wall.  The  wetls  in  operation  are  from  tuO  to 
1D6  ft.  deep.  Into  this  4-in.  pipe  or  'c4i.-dng'  an  interior  pipe  is  inaerted  of  2-in. 
external  diamet«r,  leaving  an  annular  spiice  of  I  in.  for  the  flow  of  the  slip.  The 
lower  end  of  the  internal  pipe  in  pn>vided  with  a  mouthpiece  with  several  nozzle- 
like openings  fur  the  exit  of  the  water;  the  nionthpi««  re*ts  on  the  clay-body,  anil 
the  interior  pipe  sinks  gradually  as  the  clay  is  removed  until  it  rests  on  the  foot- 
wall  of  the  vein.  For  the  operation  of  these  'hydraulics'  a  head  of  water  equivalent 
to  a  preMure  of  from  40  to  (10  Lbs.  [Hir  s(|.  in.  iy  requiied,  according  Lo  the  nature  of 
the  vein-matter. 

"liesidnol  kaolin  slacks  more  or  less  readily,  according  to  the  amount  of  sand 
and  mica  mixe^i  with  rr.  In  the  case  in  point,  it  has  been  fotmd  thut  a  pressure  of 
40  lbs.  is  amply  sufficient  to  cause  the  disintegration,  (he  vein-mnttor  contaiu 
30  per  cent  and  the  slip,  discharged  by  the  hydraulics,  from  GO  tti  75  iwr  cent  of 
pure  kaolin.  The  purity  of  f  he  dischaTge4)  slip  is  inversely  proportional  to  the  veloo- 
ily  of  the  overflow. 

'  A  iMUne  applied  to  the  kaolin. 

>  Amer.  Inst.  Min.  Kng.,  Bi-mnnihly  Bull.,  No.  0,  p.  379,  1900. 
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"ObsorvatioDS  mode  during  the  1005  season's  work  have  shown  U»i  tin 
o\'orftow  conlaiiirt  from  5  tn  10  per  wiit  of  wilid  matter.  A  diitchBree  of  100 
per  mm.  through  the  aiiniiiar  spuce  of  0.42  nq.  in.  from  a  depth  of  127  ft.  yieli 
5  per  cent  of  soHd  nmttcr,  of  whirii  TTt  per  cent  was  pure  kaolin,  while  a  disrhufe 
of  200  gal.  per  inin..  through  the  tuinic  orifice  from  the  sanic  depth,  gave  a  slip  cod* 
taioing  10  |wr  ct^nt  of  Kolitt  mutter  but  only  54  per  cent  uf  pure  kaotin,  the 
being  fmely  divided  qiiurtz  ntid  mica. 

"In  addition  to  the  Icssooing  of  the  cost  of  extraction,  the  method  defrnl)«< 
haK  effectually  Milved  (lio  transportation  of  the  pruihict  to  the  railroad.  IJereto, 
fore,  the  ka^jlin  washe*!  and  dried  at  (he  minrs  waa  carlciJ  f}y  teams  over  a  diffimll 
mountain  road  to  West  Comwull,  4  miles  distant.  'I'he  fuel  for  the  whole  plant  ha^ 
to  be  hauled  up  the  mountain  the  same  di/itance.  With  slip  i«£uing  from  ih| 
liyilniulirH  of  only  10  per  cent  of  Holid  matter  and  NiifTicient  fmeness  to  pass  throu^ 
100-mt'»h  Hcreens,  the  conveyance  of  the  prwluct  through  a  pi}M'-line  to  the  Hoi 
tonic  Volley  ofiers  no  difficulty,  and  the  company  now  contemplates  the  erectii 
of  a  new  washing- plant  adjacent  to  the  river  and  railroad." 

Underground  workings, — This  methml  mtiy  be  resorted  to  when" 
the  clay-be*i  is  coveietl  by  such  a  fjreut  thickness  of  overbunlen  that^ 
its  removal  would  be  too  costly.  If  the  bed  sought  outerope  on  the  sida 
of  a  liill,  a  tunnel  or  drift  is  driven  in  alon^  the  clay-i>pd,  as  3bi>\t-n  is 
PI.  VII,  Fig.  2,  but  in  cage  no  outcrop  is  accessible  it  m  necessary  to 
sink  a  vertical  shaft  (Fig.  53)  until  the  bed  of  ctay  is  reached,  ami  from 
this,  levels  or  tunnels  may  l>e  driven  along  ttie  clay-bed. 

Underground   methods  are  desirsible,  however,  only  under  certaio 
conditions,  which  may  be  enumerated  herewith: 

1.  In  the  case  of  hifih-frrade  clays. 

2.  Where  there  is  much  overburden  as  compared  with  the  thici 
of  the  clay-depoeit. 


oI«| 
tecHH 


3.  There  sliould,  if  possible,  be  a  solid  dense  layer  overlying  the 
stratum,  otherwi.se  the  expense  of  tinibering  for  supporting  the  roof 
may  be  too  great.  Timlwrin^  is  nearly  always  necessary  in  undcrgroundl 
clay-work.  Where  the  rlay  i-s  not  inter-stratified  between  dense  water- 
tight beds,  it  i.s  often  neces.'^ary  to  leave  the  upper  and  lower  foot  oC 
clay  to  form  a  roof  and  floor. 

4.  The  workings  should  he  free  from  water,  both  on  account  of  the 
cost  of  removing  the  same  atid  l>ecause  of  the  tendency  of  wet  ground 
to  slide. 

5.  The  output  Is  usually  restricted,  unless  the  workings  underlie 
lar^e  area,  and  can  he  work«l  by  several  shafts  or  drifts. 

Soft  clays  are  rarely  worked  by  underground  methods,  but  in  Mar>> 
land,  Indiana,  Ml'^.souri,  Pennsylvania,  and  n  few  other  localities,  tht 
fihaly  clays  associated  with  the  coals  are  frequently  mined  by  shafts 
drifts,  or  slopes. 
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Some  of  the  mines  are  lif;hled  by  electricity  and  also  equipped  nith 
electric  hoists,  drills,  and  haulage. 


» 


^ 
» 
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Preparation  of  Clay  for  Market 

Unless  clay  is  to  be  usetl  for  higlier  grades  of  ware,  it  rarely  requires 
much  preparation  to  make  it  marketable,  for,  since  the  impurities  in 
clay  often  run  in  streaks  or  beds,  they  can  be  avoided  in  mining.  Large 
concretions,  pyrile  nodules,  and  lumps  of  lignite  are  often  picked  out  by 
hand  aud  thrown  to  one  side.  Where  the  impurities  are  present  in  a 
finely  divided  form  and  distributed  throughout  the  clay,  screening  or 
band-pi*kinK  may  be  ineffective,  and  washinp;  is  necessary. 

Washing,— The  method  of  wnshing  most  commonlv  adopted  is  the 
troughiiig  method,  in  which  the  clay,  after  being  stirred  up  and  disinle- 
p-nted  with  wnt<?r.  is  wiisheti  into  a  long  trough  filong  which  it  passes,. 
dnippingirs  sandy  impurities  on  the  way  and  finally  rc^iching  the  aet- 
tling-vnts,  into  which  the  clay  and  water  are  discharged,  and  where  the 
clay  finally  settles. 

Details. — The  disintegration  of  the  clay  is  generally  accomplished  in 
wasliing-troughs.  Tliese  consist  of  cylindrical  or  rectangular  troughs. 
in  which  there  revolves  a  shaft,  bearing  a  series  of  arms  or  stirrers.  The 
clay  may  be  taken  from  the  bank  direct  to  llie  waslier,  or  it  may  first 
receive  a  soaking  in  a  pit  to  slake  it.  As  the  clay  is  put  into  the  washer 
a  stream  of  water  is  directetl  on  it^  and  the  revolving  blmles  break  up  the 
clay  so  that  it  goes  more  readily  into  susijcnsion.  The  water,  with 
suspended  clay,  then  passes  out  at  the  opposite  end  from  which  the  water 
entered. 

The  troughiug  (PI.  X,  Fig.  1)  into  whit'h  the  material  is  discharged 
IB  constructed  of  planking  and  has  a  rectangular  cn>ss-seclion.  Its 
slope  is  very  gentle,  not  more  than  1  inch  in  20  feet  usually,  and  its 
total  length  may  be  from  500  to  700  feet,  or  even  1000  feet.  In  order  to 
economize  space  it  is  usually  built  in  short  lengths,  which  are  set  side 
by  side,  and  thus  the  water  and  clay  follow  a  zigzag  course.  The  pitch, 
width,  and  depth  of  the  troxighing  may  be  varied  to  suit  the  conditiuus, 
for  at  some  localities  it  w  necessarj"  to  remove  more  sand  than  at  others. 
If  the  clay  contains  ven,*  much  fine  sand  the  pitch  must  be  less  than  if 
the  sund  Ls  course,  since  tine  sand  will  not  settle  in  a  fiist  current.  In 
the  case  of  ver>'  sandy  clays,  it  is  customary  to  place  sund-whecls  at  the 
Upper  end  of  the  troughing.  The-se  are  wooden  wheels  bearing  a  number 
of  iron  scoops  on  their  pcri]>hcry.  As  the  wheel  revolves  the  scoops 
ick  up  the  coarse  sand  which  has  settled  in  the  trough  and,  as  the 
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scoop  reaches  tlie  upper  limit  of  its  turn  on  the  wheel,  by  ite  inverto 
position  it  drops  the  sand  upon  a  slfinting  chute,  which  carries  it  outekl 
the  trough. 

By  tlie  time  the  water  reaches  the  end  of  the  troughing  nearly  i 
the  sand  has  been  dropped  and  the  water  and  c]ay  are  disctmi^l  in 
the  settling  tnnks.  pushing  first,  however,  thnmgh  a  screen  of  about  f 
or  100  mesh.     Tliis  catches  any  particles  of  dirt -or  twigs  and  thus  keep 
the  clay  as  clean  as  pf>ssible. 

The  settling-tanks  (PI.  X.  Fig.  1)  are  of  wood,  usually  about  4 
deep,  S  feet  wide,  ami  40  or  50  feet  long.  As  soon  as  one  is  fdled  the  wall 
and  clay  are  diverted  into  another.  When  the  clay  has  settletl,  moet 
the  clear  wnt.<T  is  drawn  off,  and  the  creani-Iike  mass  of  clay  and  wat< 
in  the  bottom  of  the  vat  is  drawn  off  by  means  of  slip-pumps  and  fore* 
into  the  presses  (PI.  X,  Fig.  2).  These  consist  of  flat  iron  or  wood< 
frames,  between  which  are  flat  canvas  bags.  The  latter  are  either  coi 
nected  by  nipples  with  the  supply  tubes,  or  else  there  may  be  a  cent; 
opening  in  all  the  press  biigs  and  frames,  which,  being  in  line,  fonn 
central  tube  when  the  press  is  closed  up.  By  means  of  pressure  froi 
the  pumps,  the  slip  is  then  forced  into  the  press,  and  the  water  is  ala 
driven  out  of  it.  When  the  water  has  been  squeezed  out  the  press 
opened,  and  the  sheets  of  clay  are  removed  from  the  press  clotl 
sent  to  the  drj'ing-room  or  racks. 

Washing  is  applied  chiefly  to  kaolins,  but  is  carried  out  to  a  less 
on  fire  days,  glas.s-pofc  clays,  and  ball-clays. 

Air  separation. — This  is  a  nicthrxi  of  cleansing  clays  which  has 
rarely  tried,  yet,  in  some  of  the  cases  where  it  has  been  used,  is  said 
have  met  with  success.     It  is  especinlly  applicable  to  tho«e  clays 
which  it  is  neccssarj'  to  remove  simply  coarse  or  sandy  particles, 
process  consists,  in  briefj  in  feeding  the  dry  tlay  into  a  imlverizer,  wi 
reduces  it  to  the  condition  of  a  very  fine  powder.     As  the  matcriaJ 
discharged  from  the  pulverixer  into  a  long  box  or  tunnel,  it  is  seized 
a  powerful  current  of  air,  which  at  once  picks  up  the  fine  particles 
carries  them  along  to  the  end  of  the  airway,  where  they  are  dr<)pjied 
a  bin.     The  coarser  particles,  which  are  too  hejivy  to  be  picked  up 
the  current,  drop  back  and  are  carried  through  the  pulverizer  once 
Such  a  raetluKl  would  be  especially  applicable  to  kaolins  that  arc 
from  iron,  but  probably  would  not  l>e  found  luiaptablc  to  many  of 
containing  ferruginous  particles. 

There  are  several  forms  of  separators  on  the  market.     In  the 

mond  pulverizer  and  separator  the  material  is  pulverized  in  ihc  lo' 

part  of  the  machine  and  tlien  thrown  upward,  the  finer  particles  liei: 


mtt 


l_FiG.  1. — View  showing  portion  of  saitd-t rough!*,  settling-taiikA,  and  drying-racIcB 
at  a  kaolin-waahing  plant.     (After  Ries,  Md.  Geol.  Surv..  ]  V,  p.  270,  190^:0 


Fig.  2. — Filtet-prw*  (or  removing   water   from    ua-<Jie<i   nr   UlnngiMj   lUiv^.     Ihe 
portion  at  thi?  left  end  has  been  emptied  and  the  leaves  ol  c\&^  Vs.V«tt  \twft\\V. 
an?  on  the  car.     The  wurkmna  w  jusl  removing  a  \vbX  ol  c\ay  Viovft  l^^e  v^**** 
(After  Riw,  A',  Y.  State  Mus.,  Bull.  35.  p.  792,  1900.) 


THE  NEW  TOftX 
PUBLIC  LIBBAftT 


WnB,  UNOI  AMD 

miwe  vecNiUTioNi 


carried  off  by  a  fnn  tn  the  disolutrge-hopjwr,  the  conrser  ones  falling 
back  into  tlie  hopjier. 

THE   M.AXUFAtTriiK   <:P   CLAV    PRODUCTS 

Uses  of  Clay 

Probably  few  persons  have  any  conception  of  the  many  different 
applications  of  day  in  either  ita  raw  or  burned  condition.  These  varied 
uses  can  be  best  shown  by  tlie  fnllowing  table,  compiled  originally  by 
R.  T.  Hill  ^  and  nniplified  by  the  writer: 

Domestic. —  l*t)rcclain,  while  ware,  stoneware,  yellow  ware,  and 
Rockinghnm  ware  for  table  service  and  for  cooking;  majolica  stoves; 
polishing-brifk,  Hath  brick,  firc-kindlcrs. 

Stnicturnl. — Brick;  common,  frnnt,  pressed,  ornamental,  hollow, 
glazed,  adobe;  lerra-cotta;  roofing  tile;  j:hizwl  anil  encaustic  tile;  drain- 
tile;  paving-brick: ehimney-llues;  chimney-pots;  diHir-knobs;  fireproofing; 
terra-<rottu  lumber;  copings;  fence-posts.' 

Rcjraciorirs. — Crucibles  ami  other  sissaying  apparutius;  gas-retorts; 
fire-bricks;  glass  pots  and  blocks  for  tank-furnaces-  siiggers;  stove  and 
furnace  bricks;  blocks  fi>r  fire-boxesj  tuyeres;  cupola  bricks:  mold  linings 
for  st«"l  castings.  ■  ' 

Kikgineerimj. — Puddle:  Portland  cement;  railroad  ballast;  water 
conduits;  turbine-wheels;  electrical  conduits:  road  metal. 

Hi/tjiriiic. —  Urinals,  closet  bowls,  sinks.  wuMlitubs,  lmthtubf<.  pitchers, 
sewer-pipe,  ventilating-flues,  foundation-blocks,  vJInfied  bricks. 

D<:(onitirc.  —  Ornanienlal  pottery,  terra-eotta,  majolica,  garden- 
stands,  tombst^ines. 

J/itwr  ustx. — Food  adulterant;  paint  fillers;  paper  filling;  electric 
insulators;  pumps;  fulling  cloth;  scouring-soap;  paokin;;  for  horses' 
feet;  chemical  apparatus;  conden.sing-worms;  ink-bottles;  ultramarine 
manufacture;  emery-wheela;  playing-marblcs;  battery-cups;  pins,  stilts 
and  spurs  for  potters'  use;  shuttle-cyea  and  thread-guides;  smoking-pipes; 
umbrella-stands;  pedestals;  filter-tubes;  caster-wheels;  pump-whcela; 
electrical  porcelain;  fo<»i-rules;  jilaster;  alu:n. 

METHODS   OF    MANUFACTURE 

In  the  following  pages  it  is  intended  to  give  a  brief  aceoimt  of  the 
metbtwls  of  manufacture  employed,  so  as  to  enable  one  to  sec  what 
requirements  a  clay  has  to  meet.     The  more  important  products  are 
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taken  up  in  the  following  order:    Building-  and  paving-brick;   s«kc 
pipe;  drain-tile;  hollou'  ware;  conduits;  fire-brick;  roofing-tile;   t«T*-J 
cotta;  floor-  and  wall-tile:  pottery. 


Building- brick  and  Paving-brick 

Building-brick  include  common  brick,  face  and  pressed  brick,  enamd 
brick,  and  glazed  brick,  while  paving-brick  form  a  class  by  themselves. 

Common  brick  include  all  tlios<*  usotl  f<ir  ordinary  stniclural  work, 
and  are  employed  usually  f^r  side  and  rear  widls  of  buildings,  or,  indeed, 
for  any  portion  of  the  structure  where  appearance  is  of  minor  importance, 
although  for  the  sake  of  ecunoniy  they  jire  sometimes  used  for  front 
wull.s.  They  are  often  made  without  much  regurd  to  color,  smoothness 
of  surface,  or  sharpness  of  edges. 

Face,  front,  or  [jrewsed  brick  iiielude  those  made  with  greater  csn^ 
and  usually  from  a  better  grade  of  clny,  much  consideration  being  giwa 
to  their  uniformity  of  color,  even  surface,  and  straightness  of  outHoe. 
Red  ones  were  formerly  in  great  demand,  but  at  the  present  time  buff, 
white,  and  buff  with  manganese  speckles  are  the  most  sought. 

Krmmel  brick  arc  those  which  have  a  coating  of  enamel  on  one  tt 
Bometinies  two  sides.     The  body  is  usually  a  fire-clay. 

Glazed  brick  differ  from  enamel  brick  in  being  coated  with  a  trans- 
parent glaze  instead  of  an  opaque  enamel.  They  are  used  more  in  Europe 
than  in  the  United  Stntcs. 

The  clays  used  for  brickmaking  have  already  been  described  (p.  186), 

Manufacture  of  Brick 

The  methods  employed  in  the  manufacture  of  common  and  pi 
brick  are  usually  very  similar,  the  differences  lying  chiefly  in  the  selection 
of  material,  the  degree  of  preparation,  and  the  amount  of  care  taken  in 
burning.  The  manufacture  of  bricks  may  be  separated  into  the  following 
steps:  preparation,  n^olding,  dr>*ing,  and  burning. 


Preparation 

In  brickmaking  some  preparation  of  the  clay  is  commonly  necessary  J 
since  few  clays  can  be  sent  direct  from  the  bank  to  the  molding-machineJ 
although  some  conmion-brick  manufacturers  reduce  the  preparation  I 
process  to  a  minimum.  I 

Many  clays  are  prepared  by  weathering,  especially  if  they  are  to  be] 
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used  in  the  manufacture  of  pressed  brick.  This  is  done  by  distributing 
the  clay  over  some  flat  surface  in  a  thin  layer  not  more  than  2  or  3  feet 
in  thicknewj  and  allnwinf;  it  to  lie  there  exposed  to  frost,  rain,  wind,  and 
sun.  which  re.*5uUs  in  a  slow  but  thurrjugh  disintegration  or  slacking. 
Inm  nodules,  if  present,  tend  lo  rust,  and  are  thus  iiinre  easiiily  seen  and 
rejected,  while  pyritc,  if  present,  may  nlso  decompose  and  give  ri-se  to 
soluble  compounds,  which  form  a  white  crust  on  the  surface  of  the  clay. 
Although  some  clays  arc  prepared  by  weatherinp,  yet  in  great  part  their 
disinlej;ration  is  dnne  by  artificial  means. 

Crushers. — When  the  clny  or  shale  is  to  be  disintegrated  or  crushed, 
it  is  commonly  done  dry,  and  the  machine  employed  varies  with  the 
character  of  the  material.  Hard  shale  is  often  disintegrated  in  a  jaw 
crusher,  which  consl<sts  of  two  movable  jaws  that  intenu-t  and  are  set 
closer  together  at  their  lower  than  at  their  upper  ends. 

Dry  pans.— Where  a  soft  shale  or  a  hard,  tnxigh,  dry  clay  is  tn  be  used,, 
dry  pans  (PI.  XI,  Fig.  I)  an»  fre<iueutly  employed.  These  ci>nsist  of  a. 
circular  pan  in  which  there  revolve  two  iron  wheels  on  a  horizontal 
axis.  The  wheels  turn  because  of  the  friction  against  the  bottom  of  the 
pan,  the  latter  being  rotated  by  steam-power,  and  in  turning  they  grind 
by  reason  of  their  weighty  which  ranges  from  2000  to  SOtKl  pounds. 
The  bottom  of  the  pan  is  made  of  removable  iierfonued  plates,  so  that 
the  material  falls  through  as  soon  as  it  is  ground  fine  enough.  Two 
scrapers  are  placed  in  front  <if  the  rollers  to  throw  the  material  m  their 
path. 

Disiateg raters,  which  are  sometimes  used  for  breaking  up  clay  or 
■hale,  consist  of  several  drums,  or  knives  on  axles,  revolving  rapidly 
within  a  case  and  in  opposite  directions.  As  the  Iutni>s  of  clay  are 
drr.ipped  into  the  machine  they  are  thrown  violently  nbout  betweenc 
the  drums  and  also  strike  against  each  other,  thus  pulverizing  the  material' 
completely  and  rapidly.  Their  capacity  is  large,  hut  much  power  is  also 
required  to  drive  them. 

Rolls.— These  are  often  employed  for  breaking  up  clay  and  pebbles, 
and  where  dry  material  is  used  they  are  quite  effective;  but  if  damp 
clay  is  put  through  them,  as  is  done  at  some  yards,  the  lumps  are  simply 
flattened  out.  The  surface  of  the  rolls  is  smooth,  corrugated  or  tootlied,. 
or  tapering,  and  the  two  rolls  revolve  in  opposite  directions  and  with 
differential  velocities  of  from  5tK)  to  700  revolutions  per  minute.  In 
some  the  stones  in  the  clay  are  crushed,  in  others  they  are  thrown 

■  out,  by  reason  of  the  construction  of  the  machine. 
AH  the  machines  mentioned  above  are  used  on  dry  or  nearly  dry 
clay,  but  there  are  several  other  types  which  are  employed  for  wet  clays 
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only,  and  thette  in  a<U]itinn  to  breaking  up  the  rlay  may  hIro  be  used 
to  mix  it.     The  process  is  sometimes  termed  lemi)ering. 

Soak-pits. — Soak-pits,  UM?d  at  many  small  yards  for  prej)uring  the 
clay,  are  ifimply  pits  in  wWuh  ttie  clay,  with  water  added,  h  alluwed  to 
Boak  overnight. 

Ring-pits.— King-pits  (PI.  XI,  I'ig.  2).  employed  at  maiiy  commoD- 
brick  )!irds,  are  circular  jjits  from  20  to  25  feet  itt  diameter,  about  3  feet 
deep,  and  lined  with  boards  (tr  brick.  Revolving  in  this  pit  is  an  iron 
wheel,  6  feet  in  diameter,  so  geancci  as  to  travel  anmnd  Ihc  pit  in  a  spiral 
pulh.  t!iu«  thoroughly  mixing  the  mass.  The  tenijH'riiig  is  iiecompHshed 
usually  in  5  or  6  hours,  and  one  pit  eonmiouly  holds  enough  clay  for 
from  25.<H)0  to  31),(K>0  brick.  Kiiig-]>its  are  cheaper  tliau  puj^-mills,  but 
have  a  lower  capacity  and  require  more  roc»m.  They  are  oix-ratcd  by 
either  steam-  or  horse-power. 

Pug-mills  (Fig.  42)  are  semi-cylindrical  troughs,  varying  in  length 
from  3  tr>  14  feet,  with  0  feet  as  a  fair  average.  In  this  trough  tbote 
re\'olves  a  horizontal  sliaft,  bearing  knivcw  set  spirally  around  it  and 
having  a  varhtUle  jntrh.  The  clay  and  wat^'r  are  charged  al  one  cnj, 
and  the  blades  on  the  shaft  not  only  cut  up  the  clay  lumps,  but  mix  the 
mass,  at  the  ssiinc  time  pushing  it  towartls  the  discharge  end. 

l*ug-mills  are  thorough  and  cotitimious  in  their  action,  take  up  fees 
space  than  ring-pits,  and  do  not  require  much  power  to  operate.  They 
are  used  in  cinmeclion  with  both  stiff-nmd  ami  soft-mud  machines. 

Wet  pans  (.PI-  XII,  Fig.  1).— These  arc  similar  to  dry  pans,  but 
differ  from  them  in  liaving  a  snlicl  bottom.  The  material  and  water 
are  put  into  the  pan,  iind  the  clay  is  crushed  and  tempered  at  the  same 
time.  Where  the  clay  (ronlains  hanJ  lumps  of  linionite  or  pjTite  nodules, 
a  wet  pan  is  su|jerior  to  u  j^ug-mill  or  disintegrator,  ftir  the  charge  is 
crushed  and  tempered  in  a  few  minutes,  and  can  then  l)e  replaced  by 
another  one. 

Molding 

Bricks  are  molded  by  one  of  four  methods,  namely,  »oft-mud.  sliff- 
mud,  dry-press,  and  semi-dry-press,  although  in  reality  there  is  not 
much  difference  l>etween  the  last  twi>. 

Soft-mud  process. — In  this  metho<l  the  clay,  or  clay  and  sand,  are 
mixed  with  water  to  the  consistency  of  a  soft  mud  or  paste  and  pressed 
into  wooden  molds.  Since,  however,  the  wet  clay  is  sticky  and  likelv 
to  adhere  to  a  wooden  surface,  the  molds  are  sanded  each  linw  Ijcforr- 
being  filled.    Soft-mud   bricks,   therefore,  show  five  sanded  surfaces, 


FlO,  1. — Drj*  pan  used  for  grinding  hard  clays,  shale,  and  brick.     ^After  H.  Rica, 
N.  Y.  Stat*  Museum.  Bull.  35.  p.  705,  leOO.J 


"la.  2. — Ring-pit  for  mixing  clays.     (Afirr  H.  Hies,  N.  Y.  Siait-  Mu^um,  Bull.  SS, 

p.  059,  1900.) 
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Flo.   1.— Wei   piin   for   griiKiing  luui   mixiiig  rlji^vs  or  fihalcB.      (Aftei   H.    Ries, 
Md.  f'.eol..  ]V,  p.  ;i,^.  Ii;C)2,)  .' 


Fig.  2. — Cuttittg-tutile  of  stilT-inud  liru'k-nioi-biue.     (After  H.  Hies,  N.  Y.  Stat* 
Mu»..  Bill].  35,  p.  002,  1900.) 
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[find  the  sixtlt  surface  will  be  soniewliut  nm^h,  due  to  the  excess  of  clay 
fbeing  wiped  off  even  witli  the  top  uf  the  mold. 

Soft-nuid  bricks  fire  molded  either  by  hand  or  in  nmchines. 
The  soft-mud  macliiiie  (Fig.  43)  consists  usually  of  an  tiprigiil  box 
^of  wood  or  iron,  in  which  there  revolves  a  vertical  shaft  bearing  several 
blades  or  arms.  Attached  to  the  Imttoni  of  ihe  shaft  Ir  a  curved  arm 
which  forces  the  clay  into  the  press-lmx.  The  mnlds,  after  being  sanded, 
are  shoved  underneath  the  press-box  from  the  rear  side  of  the  machine. 
Each  mold  has  six  divisions,  and  as  it  comes  under  the  press-box  the 


Fm.  43.—  A  soft -mild  brick -machine. 


plunger  de.scciids  and  forces  the  ,si>ft  day  into  it.  The  fi|]c<l  mold  is 
then  pushed  fonvartl  autornntically  upon  the  deliver>'-lahle.  while  an 
empty  "ne  nioves  int()  it.s  place.  As  soon  as  the  mold  is  delivered  its 
upper  ."surface  is  "struck"  off  by  means  of  uii  iron  scm[)er.  Liider 
favorable  conditions  soft-mud  machines  have  a  capacity  of  about  40,0t)0 
brick  j>er  day  i»f  ten  luMjrs.  although  they  rarely  attain  thiw. 

The  soft-mud  process  was  the  first  methfxl  of  molding  employed, 

and  is  still  largely  use*.!  at  many  localities.     It  is  adaptable  to  a  wider 

I  range  of  clays  than  any  of  the  others,  and  possesses  the  advantage  of 

producing  not  oidy  a  brick  of  very  homogeneous  structure,  but  one  that 

is  rarely  affeoted  by  frost  action. 
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Stiff-mud  process.— With  this  method  U*l.  XII,  Fij:.  2,  ami  Fig.-Vi.), 
the  clay  is  tempered  with  less  water  and  consequently  Is  much  stifferi 
The  principle  of  the  process  consists  in  taking  the  day  thus  prcpuriHj  am 
forcing  it  through  a  die  in  the  fonn  of  a  rectangular  bar,  which  i.s  ihnt 
cut  up  into  bricks.  The  most  general  form  of  the  siilT-iiuid  tnacliine; 
known  as  the,  aiiger  machine,  is  that  of  a  cylincier  closed  at  one  euii, 
but  at  the  other  end  tapering  off  into  a  rectangular  die  whijse  croi* 
section  is  the  .same  us  either  the  end  or  the  lai^est  side  of  a  brick.  Within 
this  c^ylimlor,  whirh  is  set  in  a  horiwintal  position,  there  is  u  shaft, 
carrying  blades  similar  to  those  of  a  pug-mill,  hut  at  the  end  of  ibft 
shaft  nearest  the  die  there  is  a  tajMjring  screw.  The  die  is  heated  by 
steam  or  hihricated  by  oi(  on  its  inner  side,  in  order  t^i  farilitAte  ill 
flow  of  the  day  through  it. 

The  tempered  clay  is  charged  into  the  cylinder  at  the  end  farthest 
from  the  die,  is  mixed  up  by  the  revolving  blades,  and  at  (he  same  time 
it  is  moved  forward  until  seizc<l  by  the  screw  and  pushed  through  the  die. 
Since  this  involves  considerable  power,  it  results  in  a  marked  compressma 
of  the  clay,  aAd  there  is  aL^o  some  fricti<»n  between  the  sides  of  the  liar 
and  the  interior  of  the  cJie,  causing  the  center  of  the  stream  of  clay  to 
move  faster  than  the  outer  portion.  Kxeessive  friction  l^etween  die 
surface  and  clay  is  likely  to  cause  the  latter  to  te«r  on  the  eilfips, 
producing  serrations  like  the  teeth  of  a  saw.  The  eflfcet  of  the  screw  it 
the  end  of  the  shaft,  together  with  the  differential  velocities  witUin  the 
stream  of  clay,  iilso  prtnluees  a  lanunated  structure  in  the  brick,  whicL  is 
often  greatest  in  highly  plastic  clays,  but  is  someiiines  marked  in  clays  of 
only  moderate  plasticity  when  machines  of  a  particular  structure  aie 
used. 

The  brick  made  in  auger  machines  are  either  end-cut  or  side-cut^ 
depending  on  whether  the  area  of  the  cross-sections  of  the  bar  of  clay 
corresponds  Ut  the  end  or  side  of  a  brii*k,  rind  consequently  the  mouth 
of  the  die  varies  in  size  and  sh!i|ie.  The  jiuger  machine  is  probably  usnl 
more  extensively  at  the  present  day  than  either  the  soft-mud  or  dr>'- 
press  machine,  esixn-ially  for  making  pavinK-l^rirk.  It  has  a  larp» 
capacity  and  can  ])nnluce  45,l)(K)  or  even  lill.tHMl  brick  in  tea  hours,  t^ie 
outpvit  of  the  machine  being  sometimes  increased  by  the  use  of  double  of 
even  triple  dies,  though  this  is  not  a  desirable  practice. 

As  the  bar  of  chiy  issues  from  the  macliine  it  is  reeeiveil  on  the  eutting- 
table,  where  it  is  cut  up  into  bricks. 

The  stiff-mud  process  is  adapted  mainly  to  clays  of  moderate  pbu*- 
ticity.  The  stiff-nmd  brick,  like  the  soft-mud  oncsj  can  be  re-prcseedi 
a.nd  many  face  brick  are  now  made  by  this  process. 
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Dry-press  (PI.  XIII)  and  semi -dry-press  process.— This  process  is 
[eommonly  used  for  the  production  of  front  brick,  but  in  some  States  is 
extensively  employed  even  for  common-brick  manufacture.  The  clay  is 
powdere*!  and  then  pressed  into  pteel  molds  in  a  dry  or  nearly  dry  condi- 
tion. In  order  t^>  prepare  the  clay  for  disintegration,  it  is  usually  stored 
in  sheds  for  some  time  befttre  being  used,  and  is  then  broken  up  either 
in  a  disinte-gratnr  or  a  dry  pan  befcTe  i>jisping  to  the  screen,  which  is  com- 
monly fn)m  12  to  16  mesh.  The  molding- machine  consists  of  a  steel 
frame  nf  varying  height  and  heaviness,  with  a  delivery  table  about  3 
feet  alwtvc  the  ground,  and  a  firep.s-lKix  sunk  inti»  the  rear  nf  it.  The 
chai^er  is  connected  with  the  clay  hopper  by  meun.s  of  a  canvas  tube, 
and  forms  a  Craniework  which  slides  back  and  forth  over  the  molds. 
It  is  fille<l  on  the  backward  stroke,  and  on  its  forward  stroke  lets  the 
clay  fall  into  the  mold-box.  As  the  charger  recedes  to  be  refdled,  a 
plunger  descends,  pressing  the  clay  into  the  mold:  but  at  the  same  lime 
the  bottom  of  the  mold,  which  is  imn-able,  rises  slightly,  and  the  clay 
is  subjected  to  great  pressure,  which  may  be  repeated  after  a  moment's 
interval.  The  phuiger  then  rises,  while  the  hiittom  <»f  the  mold  also 
ascends,  with  the  freshly  molded  bricks,  to  a  level  with  the  delivery- 
table.  These  are  then  pushed  for^va^d  by  the  charger  as  it  advances  to 
refill  the  molds. 

The  faces  of  the  mold  are  of  hard  steel  and  heated  by  steam  to 
prevent  adherence  "f  the  clay.  Air-holps  are  also  made  in  the  dies  to 
permit  the  air,  which  Iwcoines  imprisoned  l>etween  the  clay  particles, 
to  escape.  If  this  were  mil  done,  the  air  in  the  clay  would  be  com- 
pressed, and  when  the  pressure  was  released,  its  expansion  wmild 
tend  to  split  the  brick.  At  several  Uiciilities  in  the  United  States  an 
hydraulic  dr\*-pre88  machine  is  used,  in  which  the  gradually  applied 
pressure  is  produced  by  a  pair  of  hydraulic  rams  acting  from  above 
and  below. 

The  advantages  claimed  for  the  dr>'-press  process  are  that  in  one 
operation  it  produces  a  brick  with  sharp  edges  and  smooth  faces.  There 
is  practically  no  water  to  l>e  driven  off,  as  the  clay  has  been  pressed  in  a 
nearlv  dry  condition,  hence  drying  is  done  more  rapidly.  When  hard- 
burned,  dry-pressed  bricks  are  as  strong  as  others,  but  on  account  of  the 
method  of  molding  they  often  show  u  granular  structure. 

The  capacity  of  a  dry-press  machine  i.s  about  the  same  as  that  of  a 
Boft-mud  one.  provided  six  bricks  are  molded  at  a  time.  Two-  and 
four-mold  machines  are,  however,  alao  made.  The  initial  cost  of  the 
machinery  is  ron.siderable,  although  this  may  Ijc  more  than  offset  by  the 
giving  in  drying. 
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Re-pressing.— Many  soft*mud  and  8tiiT-mud  brick  (hat  are  to  bt 
used  for  front.-*  ure  in!i>rnved  in  ap()eariinfe  and  often  in  density  by  us- 
pre&^ing,  un  operulion  whicii  siniKitht'n.s  the  surface  and  »t.niiglitcruit  ondi 
shar{M.Mi.s  the  ed^es  of  tlie  profluctl,  as  well  us  sometimes  increasing  tht 
strength.     A  re-pretwing  nmrhine  is  shown  in  PI.  XIV.  Fig.  I. 

The  change  in  volume  (hat  occure  in  a  brirk  in  rc-prcssing  can  hs 
seen  from  the  loihjvviiiK  nieasureiiieiilfi  of  a  paving-bnck; 

Before  re-pressing,  8f  by  4|  by  3J  inches.  =  U9g  cubic  inches. 
After  re-pressing,  8H  hy  4|  by  3J  inches.  -  lOHi  eubie  inehee. 


Drying 


I 


Bricks  made  l>y  either  the  stifiF-mud  or  .soft-mud  process  have  to  b( 
freed  frotn  most  of  their  water  of  ten)i>eriii^  before  they  ean  lie  burned 

Open  yards.  -These  are  used  at  most  sofl-nmii  lirirk-plant^,  &su 
arc  simply  smtxith  flat  floora  of  earth  or  brick,  on  which  the  bricks  ati 
(Jumped  Hi*  soon  as  moldtHl,  and  allowed  to  dry  in  the  sun.  .At  soma 
yards  the  dryin^-fJoor  i.s  partly  covered. 

Pallet  driers.  -These  are  t-overed  fninies  for  holding  the  iMsards  at 
"  pallets  "  on  wliirh  the  bricks  ai*e  iluiiipcti  from  the  inoltl  at  the  ni.^chine. 
They  are  used  at  niany  sofi-inud  yard.s  and  even  some  stiff-nmd  [>lant4, 
and  possess  the  advantage  of  cheapness,  large  capacity,  economy  of 
«pnce,  and  protection  against  rain. 

One  disadvantage  of  the  alK>ve  method  ifi  that  the  driers  can  not  be 
used  in  cold  weather.  Dampness  in  summer  may  also  interfere  wiib 
them,  and  therefore  .sunlight  and  wind  are  usually  the  most  favorable 
weather  conditions.  Sonic  clays  an?  quite  .su.sceptible  to  air-cu 
however,  and  crack  easily  when  cxpased  to  them. 

Drying-ttmnels.  —  .Many  brickmakcrs  drv-  their  product  by 
methwl,  especially  if  they  continue  in  oi>eration  throughout  the  yett.' 
With  this  gystem  the  bricks,  after  nioUling.  are  piled  on  cars,  which 
are  run  mto  an  artificially  heatiHl  tunnel  (Kig.  45).  Several  of  these 
tunnels  are  generally  constructed  side  by  side,  and  the  green  bricks  are 
run  in  at  the  cooler  end,  and  pushed  along  slowly  to  the  warmer  end. 
wheie  they  arc  removed,  this  pa-ssage  through  the  tunnel  requiring 
commonly  from  2-1  to  4S  houns.  The  tuniit-l  driers  used  a(  differeut 
localities  differ  chiefly  in  the  manner  in  which  they  are  heated,  the 
following  methotls  l>elag  empioyeil: 

1.  Parallel  flues  underneath  and  heated  by  firej^laces  at  one  end. 
2.  By  steam  heat,  the  pipes  being  laid  on  the  fioor  or  sides  of  the  tuond 
or  both.     3.  By  hot  air,  the  latter  l^eing  supplied  frotn  cooling  kibs, 
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or  by  passing  the  outer  air  over  steam-rolls  before  it  is  drawn  Ihrougli 
the  tunnel  by  natural  draft  or  fan.  If  the  air  is  too  hot,  cooler  air  is 
mixed  with  It  before  it  ertters  the  drier.  The  tem|>erature  to  which 
tunnels  nie  lieated  vuriea.  aiul  in  most  cases  is  not  over  120°  C.  {250"  F.). 

Floor  driers.— Floor  driers  are  used  at  some  brii-k-works,  although 
their  afiplicatioii  is  more  extended  at  fii-e-Urick  works.  They  are  made 
of  brick,  und  have  llue.s  passing  underneath  their  entire  lengili,  from 
the  fireplace  at  one  end  to  the  chimney  at  the  othet.  Such  Hoors  an? 
chojip  tn  {-nnstrurt.  but  the  distribution  of  the  heat  under  them  is  rather 
unequal,  and  a  large  uriiount  of  labor  is  requireiJ  to  handle  tlie  material 
dried  on  them. 

In  some  cases  dr>'ing-racks  are  set  up  or  the  top  of  the  kiln. 


Burning 

Kilns. —  HriL-ki^  are  burned  in  a  variety  of  kilns,  ranging  from  tempo- 
rary structures,  which  are  torn  down  after  each  lot  of  brick  is  burned 
(PI.  XIV,  Fig.  2),  to  patented  or  other  jwrmanent  forms  of  complicated 
design.  They  are  built  on  one  of  two  principles,  either  up-ilrafl  or  down- 
draft.  In  the  former  the  heat  from  the  fire-boxes  at  the  bottom  parses 
directly  into  the  body  of  the  kiln  and  U[)  through  the  wares,  escaping 
from  suitable  chimneys  or  openings  at  the  top.  In  the  latter  the  heat 
from  the  fire-lwxes  is  conducted  first  to  the  lop  of  the  kiln  chamber,  by 
means  of  suitable  flues  on  the  interior  wall,  and  thnii  down  thrimgh  the 
wareS;  being  carried  off  through  Hues  in  the  bollom  of  the  kiln  to  the 
stjick  (PI.  XV,  Fig.  2).  The  down-draft  system  is  growing  in  favor, 
as  the  burning  can  l>e  regtilntod  better.  Furthermore,  since  the  bricks 
at  the  top  recei\c  the  greatest  lierit,  .-ind  these  at  the  bottom  the  least, 
there  is  less  danger  of  the  bricks  in  the  tower  courses  being  crushed  out 
of  shape  if  heated  tno  hjgh. 

The  amount  of  heat  required  for  burning  brick  will  vary  with  the 
clay  and  the  color,  density  or  degree  of  hardness  desired,  the  same 
clay  giving  different  n^sults  when  burned  at  different  temperatures. 
Common  bricks  are  rarely  burned  any  higher  than  cone  05,  and  usually 
Dot  above  cone  010,  while  pnusscd  brick  are  frequently  fired  to  cone 
7  or  S,  because  the  clays  generally  used  have  to  \te  bunied  to  that  point 
to  render  them  hard. 

Up-draft  kilns.— The  simplest  type  of  kiln  with  rising  draft  is  known 
as  the  "scove-kiln"  (PL  XIV,  Fig.  2.  and  PI.  XV,  Fig.  1),  which  is  in 
use  at  many  yards  making  common  brick,  and  is  of  a  temporary  character. 
The  bricks  are  set  in  large  rectangular  blocks  from  38  to  54  coursee 


Fio.  1. — A  steam-power  re-press.     The  brit-ks  or  the  belt  are  being  brought  Irom 
the  stifT-iniitl  inurbitie.      (Phoio  by  H,  Ries.) 
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Fio.    2.— Setting   brick  for   a   scove-kiin.     (After  H.   Hies,  N.  J.  Geol.   Surv., 
Fin.  Kept.,  VI,  p.  240,  1900,) 


ai 


3 


- 

THE  NEW  YORK 

PUBLIC  LIBRARY 

ASTOl.  LKUItX  AND 
TUJICN  POt'NPATIOM 

D 

«            1                   L 

KINDS  OF  CLAYS 


high,  depending  on  the  kind  of  clay.  In  building  up  the  mass  a  series 
of  parallel  urt-hes  iu  laft  running  through  the  mass  from  side  to  side,  and 
with  their  centers  about  two  feet  apart.  .After  (he  bricks  arc  set  up  tlipy 
are  surrounded  by  a  'wall  two  courses  deep  of  "  double-coiil "  brick,  and 
the  whole  outside  of  the  mass  daul;ed  with  wet  clay  to  prevent  the 
entrance  of  cold  air  during  burning.  The  top  of  thp  kiln  i.s  \]u>n  closed 
by  a  layer  of  bricks  laid  close  together  and  tonncd  the  jiiulting.  Kilns 
of  this  type  involve  little  cost  except  the  labor  of  building.  They  are, 
however,  adapted  only  1o  common  brick,  and  are  not  capable  of  being 
heated  to  a  high  temperature. 

The  so-called  Dutch  kilns  are  a  slight  improvement  over  the  scovc- 
kilns,  since  they  have  prrmnnenl  side  walls,  and  sr>  yield  somewhat 
better  results,  for  they  licat  up  better  antl  admit  less  cold  air. 

Many  common  brick  and  nearly  all  fr<mt  brick,  however,  are  liurned 
in  kilns  that  are  walletl  ami  roofed,  with  a  d<nir  at  each  end  for  filling 
and  emptying.  They  are,  therefore,  far  more  reliable,  capable  of  better 
regulation,  attain  higher  temjjeraLures,  and  are  both  up-draft  and  down- 
draft.  The  fuel  used  is  sjmetimes  wimkI.  but  mostly  coal,  mtt  a  few 
manufacturers  employing  anthracite  in  part.  With  coal,  the  fuel  is 
sometimes  placed  on  grate-bars  or  oi^.tfae  floor  of  the  hearth.  In  plan 
they  are  either  reciangular  or  cipeulaf.  The  brinks  are  set  in  much  the 
same  way  as  in  the  itthers. 

Down-draft  kilns.— In  these  the  heat  from  the  fires  is  conducted 
first  to  the  tup  t>f  the  kilti-chaniber  by  means  of  suitable  flues  on  the 
inner  wall  of  the  kiln,  aiul  then  dtmu  tlirougli  tlic  ware,  being  carried 
off  through  flues  in  the  bottom  of  the  kiln  to  the  stack.  With  this 
system  the  burning  cun  lx^  reguUitod  better,  and  there  Is  less  loss  from 
crackeil  and  overburned  brick.  I'urtherniore,  since  the  bricks  at  the 
top  receive  the  greatest  heat,  and  those  at  the  bottom  the  least,  there 
l«  less  danger  nf  tlie  bricks  in  the  hiwer  courses  being  crushed  out  of 
shape.  iJown-draft  kilns  are  either  circular  or  rectangular  in  form. 
The  latter,  which  have  greater  capacity  and  are  more  economical  of 
space,  are  emplnyetl  cominunly  for  burning  brick,  while  the  former  are 
preferred  for  draiti  lile,  sewer-jiipe,  or  stoneware. 

Tlicre  are  a  numtrer  of  different  types  of  down-tlraft  kilns,  which  differ 
K  in  the  arrangement  and  structure  of  the  flues,  arrangement  of  the  firc- 
H  place,  etc. 

H        Continuous  kilns  (1*1.  X\'I,  Fig.  2). — These  were  origiualty  designed 

^Uo  utilize  the  waste  heat  from  burning.     Many  ly|Jes  have  api»eared, 

^Rdme  of  which  are  patented,  but  llic  principle  of  all  is  the  same.     It 

consists  essentially  in  having  a  series  of  chanibers  arranged  in  a  line, 
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circle,  or  oval,  and  connected  wUli  ench  other  .itkj  also  with  a  central 
stack  by  means  nf  fliicp.  Kavh  chamber  luikls  ai)i>ut  22.()00  bricks.  In 
startinj;  the  kiln,  a  chamber  fuH  of  bricks  i-;  first  fircti  by  nieariP  of  cxH-rior 
fire-boxes,  ami  while  the  watcr-sinoke  or  steam  is  ]>as.sinj;  olT  the  va|ii>n! 
arc  conducted  to  the  stack,  but  a»  soon  as  this  ceases  the  heat  from  tlw 
chamber  lirst  tiivd  is  conductt'd  llinuiirli  several  other  diamtx-ri  abend 
of  it,  before  it  liiially  ]ia.sses  to  the  stack.  In  this  manner  llu*  waste 
heat  from  any  chamber  is  used  to  heat  tike  others.  When  any  one 
compartment  bpr^onics  red  liot.  fuel  in  Ihc  form  nf  conl-shick  is  mldM 
thn>u;;)i  small  o])cnin*;s  in  the  nKif,  which  are  kept  rovprnd  by  in*n 
ca))K. 

As  soon  as  0114^  chamber  has  reachcH;!  its  maxinnnn  U;mperature.  tlic 
next  two  or  tliree  aheail  of  it  are  bein*;  heateil  up.  while  thi>-se  behind  ii 
are  cooling  down.  \  wave  of  maximum  temperature  is  therefore  «in- 
tinually  pa.ssiri*':  annitid  the  kiln.  It  is  thus  pos-^ible  to  bo  buminj; 
brick  in  certain  i-hariibcrs.  Hllin;;;  others,  and  eniptying  still  others.  uU 
at  the  same  time,  making  the  pr<H:eMs  a  eontirntous  one.  Contiauous 
kilns  are  cniployi'il  in  many  slates  for  buniino;  common  brick  with 
considerable  success. 


Sewer-pipe  Manufacture 

While  someworlcs  use  u  soft  elay  for  .sewer-pipe,  the  largest  faetorieii 
in  the  United  States,  namely,  those  loeated  in  Ohio,  run  chiefly  on  shale, 
to  which  a  cartaiei  amount  of  refractory  day  Is  sometimes  adde<l.  The 
material  theriffore  reijuires  crushing  before  temjiering.  Dry  pans  (p. 
2lft)  are  useil  for  this  pur|K>se.  The  Kround-clay  is  then  sereennl  and 
mixwl  ill  pu.i;-niills  (p.  1'20).  wet  pans  (p.  'JSO),  nr  chaser-nulls  (I p.  265). 

.Sewer  i>ipes  arc  made  in  a  s|%cial  form  of  press  (Kifts.  4G  and,  47.  and 
ri.  XVII.  Fiji;.  1)  consisting  of  two  cylinders,  connected  with  a  contmuoun 
piston  and  placed  one  above  the  other.  The  np[)er  is  the  steam  and  ihe 
lower  the  clay  cylinder.  The  size  ratio  of  these  two  cylinders  varies 
from  1 :  2  to  1  :  3.'  "The  piston  is  propelled  by  the  ndnd^sion  of  steam 
to  the  upper  fylin<lcr.  giving  it  a  downward  movement  which  preraes 
the  clay  throu-^h  a  die  ut  the  Ixittom  of  tlie  lower  cylinder.  The  aetktn 
b  then  intermittent,  the  pmton  receding  when  it  has  reachwl  its  length 
of  stroke  and  a  sup[)ly  of  clay  is  needed. 

"The  clay  previously  ]>repiired  anil  in  plastic  condition  is  brought 
to  the  press  on  a  movinj;  LmjU.     l-^icli  (irne  the  piston  recedes,  the  eyiiiuler 


Fig.  1. — Side  view  of  a  scove-kilrt  for  burning  Hjmmon  brirk,  exterior  daubed 
over  with  wet  rlay.  The  firing-hn>lii»  are  shown  nt  botfoni  tif  one  aide.  (Aflw 
B.  Ries,  N.  J.  Ceil.  Surv.,  Fin.  Kept.,  VI,  p.  J-IU.  II104  ) 


Fia.  2. — Down-draK   kihip-.      (Plioto  UmneU   \<y   Kol'Jiiwn  Clay-produci  Co.) 
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Fxo.  2.— Htiight  contiiiuoiw  kiln.     (After  11.  Riea,  N.  Y.  Sute  Mus..  BuIL  35, 
^  p.  679.  1900.) 
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Slled  with  clay  by  tlirowing  this  belt  info  motion  The  die  which 
D18  the  pipe  consists  of  h  central  cone  and  an  outer  die  or  bell,  the 
rr  lK*tween  llie  r(ine  and  l>ell  lietemiiniiip  the  thickness  of  the  wall 
the  j)iiM'.      By  changing  these   tlie  vfirious  sizes  of  sewer-pipe  are 
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Fto.  40.— Side  elevfttion  of  a  !»ewer-pipe  prcM. 


ie.  It  has  been  found  of  advantage  to  have  the  issue,  or  the  dis- 
ce  through  which  the  clay  must  l  ravel  between  the  die:*,  compressed 
its  maximum  tliickness,  quite  long.  J.  E.  Minter '  recommends 
Usue  of  not  less  than  three  inches  for  dies  smaller  than  eight  inches 
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and  not  below  four  inches  for  dies  over  eight  inches  in  dinineter.  Tha 
basis  for  this  rerommen<!atioti  is  that  where  Ihc  issue  b  short,  blebi 
of  air  itnprisoned  in  the  clay  will  remain  and  are  apt  to  form  hl'ulaft 
on  the  pij)e5.  while  with  a  lonp  is.sue  tlie  nir  will  back  upwards  throqgb 


Fio.  -17.— Kroiit  elevation  of  a  eewer-iMpe  press. 


the  loose  clay  and  escape  in  the  direction  of  least  resistance  ratlier  (tua 
remain  in  the  clay." 

Beneath  the  die  is  the  pipe-table  which  receives  the  pipe  as  it  issoa 
from  the  cylimlcr.  The  table  is  supixirted  by  a  vertical  rod  which  3 
kept  in  perfect  alignment  with  the  center  of  the  cylinder.    The  table 


Pis  raisetl  and  lowered  by  weights  which  may  be  30  adjusted  as  to  trounter- 
balance.  After  tbe  pijjc  is  fort*ed  out  the  desired  length  it  is  cut  by 
hand,  by  wire,  or  uuloinutically  by  meuns  of  a  ]X)\ver  cutter,  the  last 
cousbiling  i»f  n  knife  edge  in  (lie  lower  part  of  the  cylinder,  which  is 
thrust  out  and  given  a  cirrulnr  motion  that  severs  the  pipe  when  the 
cutting  mechaniHrn  is  thrown  into  gear.  The  length  of  stroke  of  tlie 
piston  and  therefore  the  maximum  length  of  the  pipe  is  about  four 
feet.  The  diameter  of  the  pipes  ranges  from  three  or  four  inclies  to 
three  feet. 

Special  shapes,  such  as  traps,  sockets,  elbows,  and  trees,  ane  uiiually 
made  by  hand  id  plaster  molds,  and  require  careful  drying.  At  times 
Y  shai^es  can  l)e  made  by  cutting  two  straight  pieces  on  the  slant  and 
joining  them  together  with  wet  clay. 

Sewer-pipes  are  dried  on  floors,  heated  by  steam-pipes,  and  burned 
in  down-tlraft  kilns.     Foi'  burning  they  are  .stood  on  end  and  salt -glazed. 

All  defects,  such  as  iron  s|Kits,  blisters,  ini|)erfect  glazing,  or  warp- 
ing, cause  the  product  to  be  placed  among  seconds. 

Drain-tile 
Drain-tile  aT>;  made  in  several  styles  as  follows: 

Horse.'ihoe-tile,  of  lini-se;*lu«'-shape(]  cross -sei'tion. 
Sole-lile,  cylindrical  with  a  tUt  bii.se. 
Pipe-lile,  with  cylindrical  crc»ss-section. 

For  the  maUiug  of  drain-tile  the  clay  should  \ye  thorouglily  tempered 
before  molding,  this  being  commonly  done  in  a  pug-mil!  ("p.  220).  rHold- 
ing  is  usually  done  in  .some  form  of  stiff-mud  marhine,  the  cylinder 
of  clay  as  it  issues  from  the  die  being  cut  up  into  the  desired  lengths. 
Drying  is  commonly  done  on  pallet-racks  (p.  21^2).  such  as  are  ased  for 
common  bricks,  or  it  may  also  Imj  done  in  tunnels.  The  burning,  which 
is  usually  done  at  a  low  temperature,  presents  no  special  difficnlties, 
and  is  done  in  a  variety  tif  kilns,  the  tile  being  often  burned  with  com- 
mon brick. 

Hollow  Ware  for  Structural  Work 

I'nder  this  heading  are  included  fireproofing.  terra-cotta  lumlwr, 
hollow  blocks  and  hollow  bricks.  These  are  all  hollow  (PI.  W'll, 
Fig.  2),  being  molde<l  through  a  .stiff-mu<i  <lie  and  niny  contain  one 
pr  more  cross  webs  or  partitions  to  give  them  strength.     Fireproo^ng 
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ia  the  term  applied  to  those  forma  iLsecl  in  the  ronstruction  nf  floo£ 
arches,   partitions,  uad  wall-furring   fur   colunins,  girdeni.  and   ot 
purjxises  in   fireproof  buildings.     Tfrru-<-utla   luwlwr  Is  ii   form   of  fire^ 
proofing  llmt  la  soft  and  ^Mtruua,  owing  to  Ihe  addition  of  a  large 
cenlii^e  of  sawdust  to  the  clay.     The  former  burns  oflf  in  the  kiln, 
leaving  the  material  ko  soft  and  porous  thiit  ntnis  ran   lie  driven 
it.     It  i.s  used  fhiefiy  for  partitioiw.     Ilnlhw  hfovks  arc  used  for  exte 
walls,  in  hoth  firepnuif  and  non-fireproof  buildings.     Tbey  are  of  rec- 
tangular oufline.     lioKow  hn'rk  are  like  hollow  blocks  in  fomi,  but 
larger  th»n  ordinary  l)iiildirig-!)rii'ks. 

A  number  of  different  shajies  and  sizes  of  fireproofing  are 
and  while  the  majority  of  Ihem  agree  in  being  12  ini-hes  long  the 
two  diniensions  mu.y  \ary.     TliUrf  of  the  blocks  which  are    12  inch 
long,  the  other  dimen&iona  may  be  6  by  3  in.,  6  by  4  in.,  6  by  5 
6  by  6  in.,  C  by  7  in.,  etc.,  or  |)erhapfi  3  by  8  in.,  or  3  by  12  in.,  etc. 
large  nunilwr  of  the  fireproof  shapes  made  are  for  floor-arches,  and 
such  cases  the  architect  commonly  specifies  the  depth  of  the  arch,  wb 
ttic  wiJth  of  the  b]nrk.s  i,-*  go^■erned  by  the  width  of  the  apan. 
weight  of  the  nn-h  will  dei>end  on  its  depth. 

TkttiH,  6-i»i-h   floor-arnbes  weigh  alHiiit  25  ptiimda  per  iiquare  foot^ 
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The  coat  of  fireproofing   Is  commonly  figured   by   the    ton. 

Hollow  lilocks  are  usually  made  in  S-inch  lengths,  but  varj*  in  the 
other  dimensions,  being  4  by  16  in.,  6  by  16  in.,  S  by  16  in..  10  by  IS  jn^ 
12  by  16  in.,  etc.    They  are  used  quite  exteniiively  in  the  Central  Stat* 
but  not  so  much  In  the  Eastern  ones.     Hollow  bhxks  are  made  wit 
either  smooth,  rorrugated,  or  ornamental  surfaces. 

Sizes  8  by  4  by  16  in.  are  .sold  for  al>outS0.07  each,  and  S  bySby  I6ia 
at  SO. 10  each.     Hollow  bricks  are  often  useti   for  the  interior  cour 
of  exterior  walls,  and  the  plaster  can  be  laid  directly  on  them  with- 
out the  use  of  lathing. 


"in.  1. — Molding  30-inch  sewer-pipe  in  pipe-preaa.      (Pliotu  IoiuuhI  by  Robinson 

riay-prodi:ct  Co,) 


'lO.   2. — Some    Tornis  nf   ft  reproofing    made   by  Htiff-mud  nutebme.      (Fholo   by 
C.  M.  noylc  in  N.  Y.  Slate  Museum.  Bull.  35,  p.  775,  1900.  i      ■ 
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In  some  States  shales  are  used  for  making  hollow  ware,  while  in 
ithers  plastic  clays  arc  employed.  Calcareous  clays  are  undesirable 
18  being  unsulted  to  the  production  of  a  vitrifie<i  ware. 

The  clays  u«ed  for  making  fireprmifing  hnve  been  referred  to  on 
>.   HI2. 

Manufacture. — The  metiiod  of  preparation  used  for  making  hol- 
ow  blocks  iir  fireprunfing  us  essentially  the  siinie  as  that  employed 
n  the  manufacture  of  stiff-nmd  bricks.  Shales  arc  sometimes  first 
p^und  in  a  dry  pan  (p.  21H)  or  disintegrator  (p.  219)  and  then  screened, 
"ollowed  by  mixing  in  a  pug-mill  (p.  2'JO);  or  a  wet  pan  (p.  220)  may  do 
;he  combined  work  of  crushing  and  tempering.  Molding  is  done  in  a 
Jliff-mud  machine  (p.  228),  care  being  necessary  to  have  the  clay  suffi- 
liently  plasiio  to  permit  its  Rowing  freely  from  the  die  and  prevent 
tearing  on  the  comers  or  edges. 

The  die  is  of  a  special  type,  which  emits  a  hollow  tube  with  cross- 
partitions,  and  the  cutting-lablc  is  likewise  sometimes  of  a  s}H>cialized 
ype,  so  designed  that  as  the  bric^k  reaches  the  end  of  the  table  it  is 
turnwJ  to  an  upriglit  position  to  facilitiite  handling. 

Hollow  blocks  and  fireprrKifing  arc  drieti  on  racks  (p.  232)  in  tunnel- 
Jriers  (p.  232),  or  even  on  heated  floors,  the  last  being  the  method  most 
kommonly  used. 

I      When  hot  floors  are  used  fhey  are  heated  by  steam-pipes  passing 
inder  them  or  around  the  walla  of  the  drying-room. 

In  burning  any  of  these  aliapea  they  are  stood  on  end,  and  the 
rmaller  ones  are  sometimes  burned  in   the  same  kilns   with  brick. 

Williams'   gives   the   ftillowing   advantages  for  hollow  blocks: 

Lightness. — Sufficient  strength,  to  insure  a  large  factor  of  safety 
n  any  common  building  construction  Amount  of  clay  required  from 
)ne  third  to  one  half  that  necessary  for  solid  brick.  Smaller  expense 
)f  transportation  due  to  decreased  weight  of  product.  Full  protection 
igainst  dampness  and  temperature.  Possibility  of  terra-cotta  decora- 
tion on  exterior  of  block.* 

Conduits 


». 


Vanufacture. — Conduits  form  a  line  of  clay-products,  the  use  of 
irhtch  ha,-?  greatly  increased  in  the  last  few  years.  These  are  hollow 
blocks  of  varying  length,  having  sometimes  several  cross-partitions 
ftnd  rounded  edges,  and  are  used  as  pipes  for  electrical  cables  and  wires 


'  lu.  f;c«l.  Surv.,  XtV.  p.  213. 

'See  £.  G.  Duxaot.     Hollow  Building-blockd.     PubtUlied  by  American  CUy- 
ivorking  Machinery  Co..  Bucyrus,  O.     (So  date.) 
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below  ground.    On  this  account  they  liave  to  be  haitl-bumed  wil| 
dense  body,  and  are  salt-glnzeti. 

The  clays  used  arc  sirtiilnr  Ut  tliitse  employed  for  making;  firepr 
although  tlicy  arc  somewliat   nwjre  carefully  selected  with  regard 
plasticity  and  freedom  from  p>-rite  and  limonite  lumps.    They  mu 
also  burn  dense  at  a  moderate  temi)erature. 

The  clays  are  prepared  in  esaentially  the  same  noanner  as  for 
low  blocks,  and  are  molded  in  auger  stifT-niud  machines.  They 
then  removed  from  the  cutting-table  on  a  pallet  and  placed  on  a  st 
where  the  ends  are  trimmed  smooth  before  the  pieces  are  taken  to 
drying-flo<»r  (ir  drying-tunnel.  In  drying,  the  conduits  are  stood 
end.  The  burning  is  commonly  done  in  down-tliaft  kilos,  bel« 
cones  S  and  9,  although  some  manufacturers  burn  lower  than  this, 
average  slirinkage  that  takes  place  in  a  long  conduit  is  about  as  follows^ 
Length,  freshly  molded,  39  inches;  length,  air-dried,  37i  inches;  len 
burned,  35  inches. 

There  has  been  a  great  demand  for  conduits  in  many  cities  du 
the  last  few  years,  many  being  use<l  in  New  York  City  eepeeuUly,  i 
the  constniction  of  the  rapi<l-transit  subway,  and  some  lax^ge 
are  run  almost  exclusively  on  this  line  of  work. 

Conduits  are  also  occasionally  made  at  the  fireproofing  fact 


Fire-brick 

Most  tire-brick  makers  employ  a  mixture  of  several  grades  of  cla| 
to  which  there  is  added  a  certain   percentage  of  ground   fire-brick 
even  coarae   quartz.    The^sc   ingredienu  are  sometimes  ground   in 
dry  pan  (p.  219)  or  disintegrator  (p.  219),  then  screened,  and  temf 
in  a  pug-mill  (p.  220).     At  some  pinnis  a  wet  pan  fp.  220)  combines  i 
crushing  and  tempering  operation.     Wliere  soft  chiys  exclusively 
\ised,  the  tempering  is  occasionally  done  in  a  ring-pit  (p.  220). 

Fire-bricks  were  originally  molded  entirely  by  hand,  and 
manufacturers  still  cling  to  thi.s  nictlicxl,  but  many  now  employ  til 
soft-mud  (p.  220)  or  stilt-mud  machine  (p.  228).  Id  all  these  metho 
the  brick  requires  re-prcw.sitig  ufler  it  has  been  drying  for  a  few  h<tu 
A  few  works  manufacture  tlry-press  (p.  231)  brick,  and  for  some  pu 
poses  these  may  be  desirable,  but  they  are  not  regarded  as  altogelbfl 
satisfactory.  Drying  is  generally  done  on  brick  flmirs.  hcat«I  by  flu 
passing  underneath  them,  but  some  manufacturers  prefer  drying-tii 
nels  (p.  232). 


»  N.  J.  Oeol  Surv.,  Final  Kept.,  VI,  p.  284,  IWM. 
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Most  fire-brick  makers  burn  their  brick  in  dowiiHlmft   kilns,   but 
there  is  a  remarkable  difference  in  the  temperature  reached,  this  in 
the  United  Stales  ranging  from  cones  5  to  18. 

Fire-bricks  are  niatlc  in  many  different  shapes,  and   vary  greatly 
ill  their  deiiBity,  hardness,  and  texture,  according  to  the  conditions  under 
wliich  they  are  to  be  uset!.     For  abrasive  resistance  ihcy  must  be  hard,    ^^M 
to  resist  corrosion  they  must  be  dense,  wliile,  for  resistance  to  liiRh  heats    ^^B 
and  changes  of  temperature,  porosity  and  coarseness  are  of  importance.         1 
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Fia.  48. — Ciraphic  repreaentatiou  of  compnailion  and  fusibitity  of  some  domesti 

^_                                                     fire-brick.     (.After  Weber.) 

H      The  influence  of  texture  and  compositiou  on  refractoriness  has  beei 
^bell  set  forth  by  the  experiments  by  Weber,*  which  are  graphicaU; 
illustrate*!  in  Fig.  48. 

From  these  tests  he  concluded  that  the  refractoriness  of  a  fire-brie 
^■ieperids  on  the  total  quantity  of  fluxes  present,  the  silica  percentage 
^Rtnd  the  coarseness  of  grain. 

c 
a 

■                                'Ttans.  Amer.  Uml.  Min.  Eng.,  Sept.,  1904. 
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Roofing-tile 

Although  used  for  many  years  abroad,  the  manufacture  of  roofin 
tile  has  not  been  very  extensively  developed  in  the  United  Stat«, 
its  growth  in  the  lust  (tecadc  is  nevertheless  gratifying. 

Roofing-tile  are  made  in  the  following  slui|)es: 

Shirufle-tile,  which  are  perfectly  flat,  and  laid  on   the  Poof 
same  manner  as  slate. 

Rnumn  tiU,  of  semi-circular  cross-section,  and  laid  with   the 
vex  and  concave  side  up  alternately,  so  ihat  one  straddles  two  othfn 

Inlerlocking-tilc,  with  grooves  and  ridges  which  fit  into  each  otfa 
thus  locking  the  tiles  together. 

The  first  are  usually  vitrified,  the  others  may  or  may  not 
if  porous  are  often  salt-glazed. 

The  crushing  and  preparation  of  the  clay  is  done  by  the  same  melh 
as  are  used  for  making  stiff-mud  brick.  Shinge-lile  and  Roman  tile  < 
be  molded  by  forcing  a  ribbon  of  clay  from  an  auger-machine  die,  bd 
in terloc king-tile  are  made  by  repressing  slabs  of  the  tempered  clay  in  i 
special  form  of  machine.  (PI.  XVIU,  Fig.  1.)  Tlie  tiles  are  dried  In  lu 
nels  and  burned  in  ujj-  or  down-draft  kilns  to  the  proper  temperature. 

Terra- cotta 

The  term  terra-cotta  i»  applied  to  those  day-products  used  for  stnn*- 
tural  decorative  work,  and  which  cannot  be  foiTned  by  nia'-ihinen," 
They  are  therefore  to  be  molded  by  hand.  The  requisite  qualities 
terra-cotta  cliiys  have  been  referred  to  on  p.  IS2.  Most  factorii 
not  only  a  mixture  of  several  (Iay.s,  but  add  in  a  variable  quaiitii 
grog,  i.e.,  ground  fiie-brick,  terra-cotta,  or  sewer-pipe.  The  object  o 
using  such  H  Ttiixture  is  to  produce  a  body  of  the  proper  ploftticily, 
shrinkage,  and  ilen-sity  after  burning,  and  the  color  of  the  body  is  of 
no  great  importance,  since  the  color  is  applied  superficially. 

Manufacture.— The  niaimfacture  of  terra-cotta  stands  on  a  much 
higher  plane  in  ceramic  technology  than  it  did  a  few  years  ago,  so  that 
the  number  of  colors  now  made  b  much  greater;  and  attention  has 
also  Ijccn  directed  towards  producing  effects  which  closely  imitate  differ- 
ent kinds  of  building  stones,  as  well  as  increasing  the  complexity  ia 
the  designs  which  can  be  executed.  Indeed,  the  use  of  terra-cotta  foi 
exterior  decoration  has  met  with  such  success  that  but  few  modem 
buildings  of  large  size  are  erected  at  the  present  day  without  the  \i^ 
of  a  large  quantity  of  this  product.  Architectural  fayence,  of  high 
artistic  merit,  and  consisting  of  a  terra-cotta  body  covered  with  matt- 


^ft      Flo.    I. — Routuig-tilo  press  for  moldltij;  iti1erl.oi-ktti|c  lilc.      (After  H.  Ries, 
V  N.  Y.  Stnte  Mus.,  Bull.  3.j.  p.  765,   1900.) 


Flo.  2. — Modeling  terra-cotta  objects.     (Photo  by  H.  Ric«.l 
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;laze  or  bright  enamel,  is  a  form  of  terra-ootta  now  made  by  sevenil 
^rt  potteries  as  well  as  terra-cotta  works. 

In  (he  manufaoture  of  terra-cotla  the  tlay  is  usually  ground  first 
a  <ln,'  pan  (p.  219),  having  .sometimes  l>een  previously  exposed  to 
^he  weather,  partly  for  the  pur|>ose  of  d  is  in  teg  rating  the  clay.  The 
Tground-i-lays  are  lyften  teni|>ereil  in  a  wet  pan  <p.  220),  and  may  then  be 
'subjected  to  atill  further  mixing  in  a  pug-mill  uf  eitiier  vertical  or  hori- 
zontal type.  The  clay  issues  from  this  as  a  square  bar.  and  is  cut  up 
into  tumps  which  are  piled  up  and  kept  rovered  until  ready  for  use. 

tTerra-eotta  is  always  formed  by  hand,  either  in  plaaler  molds  or 
|>y  modeling.  The  former  method  is  employed  for  oil  simple  forms, 
but  for  intricate  undercut  designs  it  is  necessary  to  model  the  pieces 
free-hand  (.PI.  XVIII,  Kig.  2),  and  every  terra-cotta  factury  has  it.s  corps 
of  skilled  modelers  for  this  purpose.  In  making  a  mold  it  is  first  neces- 
savy  to  make  a  plaster  model  around  which  the  mold  can  be  cast.  Small 
and  simple  designs  can  be  molded  in  one  piece,  but  larger  object*  or 
special  shapes  have  to  be  formed  in  several  pieces  which  are  joined 
together  when  .set  in  the  building.  In  filling  a  p]a.stcr  mold  the  tem- 
pered rhjy  is  pushed  into  all  (he  rorners  iind  crevices  and  spread  over 
the  entire  inner  .surface  of  the  mold  to  a  depth  of  about  an  inch  and 
a  half,  after  which  the  sides  are  t'OAnecled  by  clay  walls  or  partitions 
to  strengthen  the  piece.  The  mold  Is  then  set  aside  for  several  hours 
in  order  to  [>cnmt  the  clay  to  shrink  sulficicutly  to  allow  of  its  being 
removeti  from  the  phister  form.  Any  rough  or  uneven  edges  are  then 
Ui^ually  trimmed  off  with  a  kuJfe. 

Terra-cotta  is  usually  dried  on  steam-heated  floors,  and  this  jiniceBS 
mast  be  carried  on  slowly  and  carefully  with  large  pieces.  I'cr  large 
complex  pieces,  tlie  drying  may  even  be  retarded.  After  thorough 
ajr-dn,iiig  the  green  ware  is  taken  to  the  spraying-room^  where  the 
slip  which  is  to  form  the  surface  coating  is  sprayed  on  it,  thus  form- 
ing a  thin  layer  uver  all  tlie  suiiace,  and  also  being  somewhat  absorbed 
by  the  body.  The  slip,  which  is  couunonly  a  mixture  of  kaolin,  ball- 
clay,  <iuartK.  and  feldsjjar  (or  other  fluxes)  to  which  the  proper  color- 
ing ingredients  are  addetl,  forms  an  impervious  layer  on  the  surface 
of  the  terra-cotta,  and  also  produces  the  color  effect  on  the  ware.  It 
is  sftmettmes  of  such  composition  as  to  burn  to  a  dull  enamel.  Full- 
gla7.etl  terra-cotta  is  but  little  made  in  the  United  States,  but  the 
demand  for  matt-glazed  or  semi-dull  glazed  terracotta  has  greatly 
increa.sed  in  the  last  two  years.  This  effect  was  first  produced  by  sand- 
blasting a  full-glazed  surface,  but  proved  unsatisfactory,  and  at  present 
the  best  plants  are  covering  such  ware  with  a  regular  matt-glaze. 


258 


ClJiVS 


Terra-cotta  ia  comtnonly  burner!  in  circuliir  down-druft.  ki! 
diameter  ranges  from  15  tu  2.']  feet,  tlie  kilns  L>eing  of  the  muffle  t; 
That  is  to  say,  they  have  a  double  wall  through  which  the  ^!i.«es  (»f  rfwi 
bustion  pass,  and  do  not  come  in  contart  witli  the  ware,  wliich  l»ernn 
heated  by  radiation  from  the  walls  of  the  muffle.    The  different  pii 
are  set  in  the  kiln  surrounded  by  .i  framework  of  tUee  and  pip 
clay  (PI.XIX,  Fig.  I),  so  that  during  the  burning  no  object  b;i  j 

any  weight  other  than  ita  own.  The  total  shrinkage  in  4r>iitg  an 
burning  is  commonly  about  8  |>er  cent,  and  the  witre  is  never  burw 
to  vitrificatiiin.  Some  terra-cotta  manufacturers  burn  at  as  low 
cone  as  02,  but  the  majority  probably  reach  cones  6  or  8. 

Fioor-tile 

Under  this  heading  are  included  tile  of  a  variety  of  shapes  &iid  ooloi 
which  are  used  for  flociring.  On  account  of  the  conditions  under  whici 
(hey  are  used  they  shnnid  posspss  .^nfTirieiit  hardtiesH  to  rcsiei  al)nL«<!^'a 
iiction,  sufficient  trangver.sc  stretiglh  tu  resist  knocks,  aruj  puthcienl 
density  to  prevent  excessive  absorption  of  water.  White  tilet;  sho' 
little  or  no  absorption,  but  some  of  the  other  eolurs  8oak  up  from  1  U 
5  per  cent    of  moisture,  or  perhaps  even  more.' 

Great  care  is  necessary  in  the  selection  of  raw  materials  for  Boon 
tile  as  the  clay.s  used  must  l>e  such  that  they  will  not  form  surface  cnii'ln 
after  being  air-pressed.  The  clay  should  also  be  free  from  any  ten 
dency  to  warp  or  pplit  in  t«irning  and  furthermore  the  rnanufaciura 
must  aim  tfl  adjust  his  mixtiircH  fiir  fiicinp  and  backing  in  ca*e  the; 
are  different.  CUysu-sed  for  fioor-lile  should  also  be  as  free  fromeolubll 
salts  as  those  used  for  the  manufacture  of  pressed  brick  or  te-rra-eottii 
although,  as  pointed  out  by  Langentjcck.-  soluble  lime  salts  nwiy  conn 
from  the  coloring  materials  used.  Thus  the  niaoganese  and  utnba 
used  for  chocolates,  brown  and  black,  are  seldom  free  from  gypsum. 

Purdy  *  has  suggeatwl  the  following  c[ii.s.sification  of  floor-tilea: 


Face- tile. 


Tes-serae. 


Vitreous 

Porous 

Viti-efjus 


I  White  Colorefl 

Clay  Colors 
White  0.>lored 


Encaustic     j  Clav  Colors 


j  Prepared  facing  t>ody  ona 
i      common  clay  backing. 

j  Solid   bHxlies   formed  'mi< 
i      ge*>metric  shapes. 


•  N.  J.  tieol.  Sun .,  Fin.  Rept.,  VI,  p.  287.  IB04. 

'Chemistry  o(  Pottery,  p.  irtTi. 

'Trans.  Amer.  Cer.  .Soc,  VII,  p.  05,  IflO.'i. 
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Floor-tile  when  white  are  commonly  made  of  a  mixture  of  white- 
burning  clays,  flint,  and  feldspar.  Biiff-colore<i  tiles  ami  artiBcial  onea 
are  usually  made  from  fire-clays,  while  retl  tiles  are  often  made  from 
a  red-burning  clay  or  shale.  A  certain  amount  uf  flint  and  feldspar  is 
generally  added  to  the  clay  to  regulate  the  shrinkage  or  d^ree  of  vitri- 
fication in  burning. 

Floor-tiles  are  always  molded  by  the  dry-prees  process  in  hand- 
power  machines,  the  raw  material  being  fii^t  carefully  ground  and 
mixed. 

In  burning  tiles  they  are  placed  in  saggers  and  burned  in  down-draft 
kilns. 

The  face-tiles  include  tlie  plain  or  Alhambra  6X6  tile  strips  of  various 
sizes,  such  as  6X3  and  Gx  1}  used  as  body  tile,  and  are  most  generally 
made  with  a  prepared  facing  body  backed  by  a  common  body,  the 
latter  being  ground  in  a  dry  pan  to  a  16-mesh  powder. 

In  the  manufacture  of  these  plain  tiles  the  face  of  the  die  is  covered 
to  the  required  thickness  with  the  require*!  facing  iMKly  and  the  rest 
of  tl»e  die  filled  up  with  backing  clay,  after  which  the  ftressure  w  applied. 

For  making  inlaid  tile  a  brass  cell  frame  of  the  same  depth  as  the 
facing  body  is  ased,  and  consimi*  of  a  framewtjrk  of  brass  strips  armnged 
so  as  to  f(»rm  the  outline  of  the  colors  making  the  pattern.  The  frame- 
work is  placed  in  the  mold  arwl  the  colored  days  sifted  into  their  proper 
divisions.  This  Is  done  by  using  a  sieve  so  perforateil  as  to  cxpMise  only 
certain  cells,  and  the  exposed  cells  being  filled  with  the  facing  mixture 
of  the  desired  color.  This  means,  of  course,  that  it  is  necessjiry  to 
use  as  many  sieves  as  there  are  colors  in  the  dcttiign.  The  cell  frame 
is  then  lifted  out  and  ttie  die  is  filled  with  a  clay  backing. 

in  making  tesserse  the  body  is  solid,  namely,  made  entirely  from 
one  Ixxiy  mixture.  The  viirertus  tesserffi '  are  porcelains,  so  com- 
pounded as  to  develop  the  greatest  toughness  or  resistance  to  wear  under 
feet  that  is  consistent  with  the  texture  of  the  body  and  (he  brilliancy 
of  the  colors  demanded  by  the  trade. 

Encaustic  tessers  tiles  liave  for  their  base  buff-  and  red-burning 
clays.  Since  the  iron  in  the»e  is  mainly  present  as  free  oxide,  it  is  im- 
poMibte  to  bum  such  tiles  to  vitrification  without  destroying  the  color. 

Wall-tile 

Th^e  are  quite  different  from  floor-tile  in  the  character  of  body  and 
Ptvie  and  decoration.      The  body  is  made  of  white-burning  clay  and  is 


not  burned  to  vitrilication,  but  (m  the  contrarj'  i»  usually  just  hard 
enouf!))  to  resist  scmtfhing  with  a  knife.     It  is  therefore  ver\'  pnrous. 

Wtill-tile  are  nioldfd  in  iiry-pres.s  niiichiiics  and  burned  firal  in 
Bagjeers  in  a  biacuit-kilu.  They  are  (hen  glared  nnd  fired  in  &  iiiufflf^ 
kiln  at  a  much  lower  tempemtun'.  Many  different  shades,  colors,  ami 
Btyies  of  det'oralirvti  are  now  produrrd.  In  some  cases  the  decoralion 
is  applied  by  a  relief  design  imprpssed  on  the  surface  of  the  clay  during 
molding,  in  others  difTerent  colored  alazc-s  are  used,  or  a  coneideraltle 
variation  run  he  obtained  in  the  shades  of  one  color  by  varying  the 
thickness  of  the  j?laze  over  diffe.rent  parts  of  the  tile.  Print-work  and 
hand-painting  also  are  employed  at  times  to  ornament  the  ware. 
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Classification. — Utider  the  term  of  pottery  there  is  included  a  fijtaX 
Beries  of  pi'oducts  for  ornamental  or  doiucFtic  use.  ranging  from  the 
common   red  earthenware  flower-pot    to  the   highly  artistic   and   deli^ 
cate  porcelain  vase.    The  ditTercnt  kinds  may  be  defined  as  follows: 

Common  tnrlhfnivarc,  made  from  the  lower  grades  of  pla^itic  clayS 
and  leaving  a  porims  body,  usnally  of  red  but  sometimes  cream  colorjl 
and  as  a  rule  not  glazed.  Decoration  is  given  to  it  by  relief  designs, 
pr(Kluced  during  the  molding  process,  or  more  rarely  by  painting  or 
glazing;. 

Yellow  or  Rockingham  }vare,  covering  wares  ma<ie  of  nend-fire  clays 
or  fire-clays,  and  having  a  porous  bufT-eolored  body,  which  is  covered 
with  a  glaze. 

Majolica  arut  Fayeiice. — I5oth  these  l^rms  are  rather  loosely  used, 
but  a  definition  recently  suggested  by  8.  0.  Burt*  gives  fayence  as 
pottery  in  wliich  the  colored  clay  botly  is  covered  with  a  clear  glass, 
and  [najolica  as  pottery  in  which  the  colored  clay  body  is  concealed 
with  an  r)pui|ae  enamel.  ^m 

Stunemm,  made  of  vitrifiabic  clays,  often  of  semi-refractorj*  chal^^ 
acter,  and  having  a  vitrified  Iiody,  often  of  bluish  color  but  ne\'er  white. 
The  surface  is  glazed. 

lI'/i(Vt  tivrc,  including  those  products  having  a  white  or  nearly  white 
porous  body,  usually  covered  with  a  glaze.  There  are  several  trade 
varieties  r)f  this  known  as  C.  C.  ware,  white  grnnitc  ware  or  ironstone 
china,  scmi-vivremis  ware,  semi-porcelain,  and  china.  Some  of  these 
differ  at  times  in  name  only.  Theoretically  they  differ  in  the  whit 
ne.ss  and  degree  of  vitrification  of  the  body. 


KIXDS  OF  CI-AYS 

The  technology  of  the  lower  grades  of  pottery  is  comparatively 
simpte.  but  for  the  manufacture  of  white  ware  or  porcelain  the  success- 
ful cnmpletion  of  the  product  calls  for  skill,  intelligence,  and  good  mate- 
rials. 

There  was  a  time  when  whiteware  mixtures  and  glazes  of  the  proper 
quality  could  be  obtained  only  aft«r  long  and  tedious  exjierinieotiug 
and  the  expenditure  ni  much  time  and  money,  and  while  many  pt)ttcis 
are  still  groping  in  the  dark,  the  day  of  this  cut-and-try  method  can 
be  said  to  have  passed.  Modem  ceramic  technology  has  worked  wonders 
and  a  knowledge  of  it  proves  invulimbie  to  the  progressive  jwttcr  iu 
aiding  him  to  work  out  the  proper  combinations  of  body  and  glaxe. 
It  enables  him  to  adjust  them  if  they  do  not  agree,  or  to  find  out  often 
in  a  comparatively  short  time  where  the  trouble  lies  when  fiiihirea 
occur. 

To  take  advantage  of  the  facts  and  principles  of  cenimic  tcchnolc^v 
does  not  so  much  require  a  very  profound  knowledge  of  chemistry  jis 
a  good  technical  training,  and  the  potter  who  seeks  and  grasps  these 
ceramic  principles  will  advance  rapidly,  while,  on  the  other  huml,  he 
who  rejects  them  and  carefully  guards  some  elementary  facts  as  imagin- 
ary secrets  of  great  value  does  himself  a  positive  injur)-.  Freedom 
of  discu»iion  lias  proven  an  invaluable  aid  in  other  technical  branches, 
and  there  is  no  apparent  reason  why  it  sliould  not  do  the  same  for  the 
pottery  industry.  The  subject  of  ceramic  technology  in  America  has 
been  behind  that  of  Europe  for  many  years,  although  it  is  now  coming 
forward  with  rajjid  strides.  The  annual  meetings  of  tlie  American 
Ceramic  Society  form  a  center  where  clay-workers  can  gather,  and  both 
give  and  receive  information  without  the  necessity  of  liLsclrwing  any 
business  secrets.  Indeed,  sfi  successful  have  these  meetings  become 
that  the  printed  transaction  of  the  society  form  a  most  valuable  scries 
of  works  dealing  in  a  tcchnif:d  and  scientific  way  with  clays  and  clay- 
products. 

In  addition  to  this  ceramic  schools  have  been  established  in  several 
States,  and  provision  tlicrcliy  made  for  imitnirtion  in  modern  tieramic 
technology  and  the  investigation  of  allied  subjet^ts. 


Manufacture  of  Pottery 

In  making  i>ottery  there  are  certain  steps  that  are  common  to  all 
grades  of  ware,  but  the  care  of  i>reparation  and  the  number  of  steps 
are  increased  in  the  manufacture  of,  the  higher  grades. 

The  different  steps  may  be  grouped  as  follows: 


A 


Drying 
Biscuit-burning 

Dipping 

G  lost -burning 

Decorating 


Preparation 

Weathering  and  grinding. — For  the  commoner  grades  of  pottery, 
such  as  red  earthenware  and  often  even  for  stoneware,  the  clay  or  shklft^ 
are  used  as  they  come  from  the  bank  or  mine. 

Weathering  is  sometimes  resorted  to  in  order  to  soften  the  clay 
and  disintegrate  it,  so  that  it  can  be  more  readily  washed,  or  to  fuili' 
tate  mixing  it  when  washing  is  omitted.  Shales  are  sometimes  crusbe( 
without  being  weathered. 

Washing. — For  the  higher  grades,  such  as  white  ware  and  porce- 
lains, the  raw  clay  is  washed  in  order  to  free  it  from  sand  or  other  heft*7 
and  coarse  impurities. 

Blunging  and  filter-pressing. — The  blunger  consists  of  a  circular 
vat  in  which  tliere  revolves  two  arms  with  stirring-rods  attached,  lo 
this  the  ciay  mixture  and  water  become  thoroughly  stirred  and  mixed, 
after  which  the  contents  of  the  blunger  are  run  through  a  fine  screen 
of  100  or  150  meshes  to  the  inch  into  a  cistern,  from  wluch  it  is  pumped 
to  the  filter-press  (p.  214  and  PI  X,  Fig.  2).  The  pressed  clay  then 
goes  to  a  pug-mill  after  which  it  is  further  wedged  before  tise.  This 
prcjcess  of  preparation  ia  now  used  by  nearly  all  potteries  of  any  sim. 
exctpt  those  manufacturing  common  earthenware.  For  glazed  earthc- 
ware  bodies  it  means  simply  washing,  blunging,  screening,  and  filter- 
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pressing  the  clay  body,  but  for  white-ware  bodies  a  somewhat  more 
elaborate  system  of  treatment  U  necessary,  since  these  carrj'  kaolin, 
ball-clay,  quartz,  and  feldspar,  which  must  be  intimately  mixed. 

Ball-mills.— Ball-mills  are  employed  in  the  preparation  of  clay  in 
the  manufacture  of  some  of  the  finer  grades  of  wares,  where  6ne  grinding 
and  intimate  mixture  of  infjredienls  is  especially  important.  They  con- 
fiist  of  a  hollow  cylinder  that  nitates  on  a  horizontal  axle  and  into  which 
the  clay  to  be  ground  is  admitted  through  an  opening  at  one  side  or 
end.  The  machine  is  charged  with  the  clay  and  balls  (which  fill  about 
one  third  of  the  volume  of  the  cylinder),  the  latter  being  of  porcelain 
«r  water-worn  Iceland-flint  pebbles.  The  material  is  pulverized  by 
abrasion  or  rubbing  friction  between  these  balls  as  they  are  caused 
to  move  upon  each  other  by  the  rotation  of  the  cylinder.  There  are 
two  principal  types  of  ball-milis  which  may  be  designated  as  the  inter- 
mittent and  the  continuous.  The  former  are  those  which  are  run  with 
A  given  charge  until  the  requisite  degree  of  fineness  is  attained,  when 
Ithis  is  removed  and  another  charge  put  in.  This  class  of  appanitus 
may  be  used  to  grind  either  in  the  dry  or  wet  state.  The  latter  or  con- 
tinuous class  includes  the  mure  improved  types  of  ball-mills  for  turning 
lut  a  large  product  of  very  finely  dry-ground  materials.  They  arc 
so  arrangc<l  that  the  raw  ingredients  are  fed  in  at  one  end  of  the  rotating 
cylinder  anti  gradually  work  their  way  towards  the  other  end,  becoming 
finer  and  finer  until  they  are  discharged  in  the  desired  state  of  com-* 
minulinn,  when  the  apposite  end  of  the  drum  is  reached.  The  continu- 
ous ball-mill  is  in  use  very  little,  if  at  all,  in  tliis  country,  but  is  rapidly 
coming  Into  use  in  ticnnany.  The  periodic  mill  is  used  to  some  extent 
by  potteries  in  this  country. 

Tempering 

Chaser-mills,  which  may  be  regarded  as  a  form  of  wet  pan,  are  some- 
times used  at  the  stoneware  factories.  They  consist  of  a  circular  iron 
pan  JD  which  there  revolves  a  frame  bearing  two  narrow  iron  wheels* 
30  to  36  inches  in  diameter.  As  this  frame  revolves  the  wheels,  by 
means  of  a  gearing,  travel  around  the  pan  in  a  spiral  path.  The  clay 
and  water  are  placed  in  the  pan  and  the  action  of  the  wheels  grinds 
a:id  cuts  it  up.  the  tempering  taking  from  one  to  two  hours.  The  action 
of  such  a  macliine  is  quite  thonmgh.  but  considerable  power  is  required 
to  operate  it.  Their  use  has  been  largely  discontinued  since  the  intro- 
duction of  the  blurigcr  and  filter-press. 

Pug-mills  and  hand-wedging, — The  washed  clays  or  mixtures  of 
clays  as  they  come  from  the  filter-press  are  tempered  in  a  vertical  or 
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horizontal  pug-mill,  which  is  Buuilur  in  its  action  to  that  describfl 
under  Brick  (p.  220).  This  is  then  followed  by  hund-wedging  in  ocdl 
to  render  the  clay  perfectly  homogeneous  and  free  from  air-bubble 
This  laltur  operation  coiisiata  in  t^lan^  a  large  lump  of  the  pu^ed  cUji 
cutting  it  in  two,  bringuig  the  two  parts  together  with  force,  and  the 
kneading  llie  reunited  tumps,  this  treatment  being  repeated  a  num 
ber  <jf  times. 

Wedging-tables. — Kneading- tables  are  used  at  some  factories  f* 
working  the  clay  by  macliine  instead  of  wedging  it  by  hand.  Althoug 
much  used  abroad,  their  introduction  into  tliis  country  has  been 
restricted.  The  machine  consists  of  a  circular  table  about  6  fi 
diameter,  the  upper  surface  of  which  stupes  outwani.  On  this  are  t 
conical  rolls,  20  to  30  inclies  in  diameter  and  about  8  inches  wide.  T 
rolls  have  corrugated  runs,  and  are  attacliod  to  opposite  ends  of  a  hori! 
zontal  axis,  having  a  slight  vertical  play.  The  clay  is  laid  on  the 
and  as  ttic  rolls  travel  around  on  it  the  clay  is  spread  out  into  a  b: 
band.  A  second  axle  carries  two  other  pairs  of  n>lls  of  the  same  shape 
but  smaller  size,  wliich  travel  around  in  a  horizontal  plane.  These 
rolls  press  the  baud  of  ciay  together  again.  In  thLs  way  the  clay  ia 
subjected  to  alternating  vertical  and  lateral  pressure  and  all  air-spa 
are  thus  closed.  The  rolls  make  10  to  12  revolutions  jwr  niinut*, 
the  machine  kneads  2  to  3  charges  of  700  pounds  per  hour. 


Molding 

Aft«r  the  clay  has  been  projjerly  tempered,  the  next  st€p  in  tbi 
process  of  manufacture  is  molding.  As  indicated  atwve,  this  isdom 
in  four  different  ways,  the  clay  having  first  been  thoroughly  kneaded, 
usually  by  hand,  in  order  to  insure  its  complete  homogeneity  and  free 
diJiii  from  all  uir-bubbtes. 

Turning  is  done  by  the  potter  taking  a  turap  of  clay  and  placing 
it  on  a  rapidly  revolving  horizontal  disk  and  gradually  working  it  up 
into  the  desired  form  (PI,  XXI).  After  being  turned  the  object  is  then 
detached  from  the  wheel  by  rxuining  a  thin  wire  underneath  it.  Only 
articles  with  a  circular  cross-section  and  thick  walls  can  be  fonned  in 
this  manner,  since  they  have  to  hold  their  shape  under  their  own  weight. 
Turning  represents  the  earliest  methods  of  the  potter,  and  is  much' 
used  still  at  smalt  factories,  but  in  the  larger  ones  it  lias  been  mostly 
superseded  by  the  next  process. 

Jollying  or  jiggering  is  a  more  rapid  method  than  turning,  and  the 
clay  for  this  purpose  is  tempered  to  a  softer  consistency.    The  jolly 
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is  a  wheel  fitted  with  n  hollow  lieiul  to  receive  the  plaster  mold, 
the  interior  of  which  w  the  siiino  .sliu|)e  us  the  outside  of  the  object 
Ui  be  molded.  A  hmip  ()f  cluy  is  placed  in  the  rcvolvIiij|!:  mold  and 
sha]icd  into  Uie  proper  form,  tirst  by  meuns  nf  the  finders  ami  liistly 
by  means  of  a  template  or  stj-ralleil  "shoe"  attjwhed  to  a  pull-tlown 
arm,  which  is  brought  down  into  the  mold.  Cups,  jiirs,  jugs,  and  the 
lancer  flowcr-p4>t3  are  moldetl  iti  this  manner.  A  modification  of  this 
methixl  l^^rnietl  "  pressing  "  is  itsed  for  the  smaller  sizes  of  fltiwer-pots. 
Tliis  ci^n-sista  of  a  revolving  stet^l  tnold,  with  a  steel  plunger  *if  the  shape 
and  siiic  of  the  interior  of  the  pot.  The  t<^mi)ored  rhiy  is  first  put  ihrouph 
a  pKuiRer-machine,  from  which  it  Issues  in  the  form  of  columns,  whidi 
are  cut  up  by  wires  into  u  nutnlKT  uf  pieces,  each  containinp;  jusi  enough 
clay  fur  making  a  pi>t  of  the  desm^l  size.  These  hmips  of  clay  are 
then  placed  one  at  a  time  in  the  mold,  and  the  latter  raised  by  means 
of  a  lever,  until  the  plungers  fit  into  it,  thus  pressing  the  clav  intn  the 
niold.  The  U>ttom  of  the  mold  is  movable,  so  that  as  the  mold  w  lowered 
the  bottom  rises  and  pushes  out  the  pot.  Such  machines  have  a  large 
capacity,  and  are  now  used  at  most  fiower-pot  factories.' 

\  iiKKlification  of  jollying,  used  fur  making  plates  and  saucers,  con- 
sols in  having  a  plaster  moid,  the  surface  of  which  has  the  same  shape 
OS  the  interior  or  up]ier  surface  nf  the  pinto  to  be  formed.  Tlie  jwtter's 
iLjiiiistant  takes  a  piece  of  cluy  of  the  tlesired  size,  and  pounds  it  to  n 
flat  cake,  calle<l  a  "bat/'  which  is  laid  on  the  mold;  he  then  shapes 
the  other  side  or  bottom  of  the  plate  by  pressing  a  woixiei!  template 
of  the  pn)|jer  profile  against  it  as  it  revolves. 

Pressing .^Kwers  and  vessels  <»f  oval  or  elliptical  section  are  usu- 
ally made  by  means  of  spcti<in;d  molds,  consisting  of  two  or  three  pieces, 
the  inner  surface  of  which  coiifurtns  to  the  outer  surface  of  the  objet't 
to  Ije  molded.  A  slab  of  clay  is  laid  in  each  section  and  carefully  ]»res8ed 
in.  the  mold  put  together,  and  all  seams  smouthc^l  with  a  wet  sponge. 
After  drying  for  a  few  hours  ihe  parts  of  the  mold  are  lilted  off. 
Clocks,  Uimps,  water-pitchers,  and  similar  articles  are  made  in  this 
niiinner. 

Casting. — This  consists  in  pouring  a  clay-slip  into  a  plaster  mold 
wliich  absorbs  some  of  the  water,  and  causes  a  thin  layer  of  the  elav 
to  toUiero  to  the  interii>r  surface  of  (he  mold.  In  order  to  pnHhicc  u 
slip  with  leas  water  some  alkaline  s.'ilt  is  added  ti»  the  mixture.  When 
the  layer  on  the  inner  surface  of  the  mold  is  sufficiently  thick,  the  mold 
is  inverted  and  the  i-emnining  slip  is  jM>ured  out,  the  nwld  being  removed 
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ID  a  few  hours.    This  method  la  extensively  usetl  in  making  thin  pop 
celaiii  ornamcnU,  an  well  aa  many  white-ware  objects.   It  ia  alati  empUiyt 
for  making  belleek. 

The  forming  of  potterj'  t>y  caating  is  much  vaorc  extensively  done  i 
Europe  thau  in  the  United  .Statt's. 

Drying 

This,  i»f  necessity,  often  has  Id  proceed  rather  slowly,  especially 
the  ware  is  of  coniphcuted  shape.  The  ware  is  usually  dried  first 
an  open  room,  and  liieii  removed  tn  tiie  lieuted  green-ware  drv-titna 

Subsequent  steps 

Up  to  this  point,  the  nxsthod  of  treatment  has  been  much  tl»e  aan 
except  for  the  bluiiKing  uf   white  ware  or  pnrcclniu  mixtures.     Fr 
the  drying  stage  im,  the  mcthtxl-s  of  treatment  of  the  different 
of  ware  diverge  somewhut. 

Common  red  earthenware,  such  as  flower-pots,  is  usually  bur 
at  a  low  iieat,  often  not  ahnve  tlie  melting-point  of  cone  1)10,  and 
kilns  used  are  gencrolly  rcctangiilar  or  circular  up-draft  ones. 
ware  after  buminK   is  <|uite  porous  and  not  steel-hard. 

If  to  be  decorate*!  tliis  can  be  done  by  incised  designs,  the 
cation  of  relief  decoration,  or  by  covering  it  with  a  glare  of  easy  fu 
bility. 

Yellow  and  Rockingham  ware.— In  making  this  the    clay  is 
burned  to  develop  the  ImkIv,  after  which  it  is  glazed  and   then 
a  second  time  to  develop  the  ;i:laze,  the  process  in  tliis  rcspttl  Irii 
similar  to  tliat  employed  for  white  ware,  and  the  ware  boinj;  pUwrd  i 
saggers  to  protect  it  from  the  flames  and  dirt.     The  glazes  are  artifiri^ 
nuxtnrcR  which  melt  to  a  glass  at  a  lower  temperature  than  that 
qnirod  to  burn  the  btnly. 

Stoneware. — lo  tliia  class  of  product  the  body  and  glaze  &R 
\'eloi)od  together,  so  that  after  dryinj;  the  objects  are  rr*atly  to  haM- 1 
glaze  applied.  A  type  si-fmetiniu.>i  used  is  some  form  of  natund  id; 
or  slip-clay  (see  p.  193),  which  melts  to  a  brown  ghiss  ut  a  tcnit>eraia 
at  which  the  body  of  the  ware  is  nearly  vitrified. 

For  application  the  slii>-c'luy  i.s  mixed  with  water  to  a  crvamr  i 
sistency  and   the  ware  dii)p«l   in   it.    Although  sli]>-clays  lia\*t 
found  at  a  numl>cr  of  localities  in   the  I'nitcd  States,    that    obia 
fn>ni  Albany,  N.  V.,  continues  to  be  the  most  siitisfaciory  and  is  j 
all  over  the  countrj'.     The  amount  of  slip-clay  required  evcn^ 
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factory  of  moderate  size  is  not  very  brge,  so  that  the  annual  domestic 
Jiisumption  of  this  kind  of  clay  is  limit<^]. 
Salt-glaziog  represents  the  simplest  fomi  of  glazing  a  ware,  and  is 
lapplicd  more  often  to  sewer-pipe  than  stoneware.  When  the  wares 
■arc  to  be  salt-glazed  they  are  placed  in  the  kiln,  unprotected  from  the 
iflamee.  As  soon  as  the  kiln  has  reached  its  highest  temperature,  the 
It  is  put  in  the  fireplaces,  one  or  two  shovelsfull  at  a  time,  at  regular 
fintervals,  so  that  the  addition  of  the  salt  may  extend  over  several  hours. 
Then  the  salt  is  pLiced  in  the  fires  the  heat  volatilizes  it,  and  the  viipors 
lin  passing  up  tlin>ugh  tlio  kiln  unite  with  the  clay,  forming  a  glaze  on 
Ithe  surface  of  the  ware.  Many  clays  are  capable  of  taking  a  good  salt- 
jglaze,  hut  some  take  a  poor  one,  and  others  do  not  glaze  at  all. 

From  experiments  made  by  L.  E.  Barringer  ^  it  seems  that  a  clay 

ay  be  either  too  aluminous  or  too  siliceous  to  be  successfully  salt- 

glazod,  but  that,  if  the  process  of  salt-glazing  is  properly  carried  out, 

iciays  in  which  the  proportion  uf  silica  to  alumina  is  more  than  4.G  to 

jl  and  less  than  12.5  to  1  are  capable  of  receiving  a  glaze.    The  degree 

(of  fineness  of  the  free  siUca  in  the  clay  makes  little  difference.    The 

Sner  tlie  sand  the  lighter  the  color  of  the  glaze. 

Barringer  also  found  that,  contrary  to  what  was  usually  supposed, 
|a  considerable  quantity  of  soluble  salts,  as  much  as  3  per  cent,  can  Ije 
present    in  a  clay  without   seriously   interfering  with  the  salt-glazing 
Iffhen  conducted  at  cone  8. 

Bristol  glazes,  representing  a  third  type,  are  an  artificial  mixture 
of  fluxes,  kaolin,  ball-clays,  and  Hint.  They  can  be  produced  in  a 
rariety  of  colors,  and  white,  due  to  zinc  or  tin,  is  a  common  one.  This 
the  t>*pe  of  glazitig  generally  used  an  stoneware. 
The  burning  of  stoneware  is  carried  out  in  up-draft  or  down-draft 
ins,  and  the  cone  reached  varies  in  different  localities,  but  where 
ire-tlays  or  semi-fire  clays  are  employed  it  ranges  probably  from 
to  8. 

White  ware  and  porcelain. — Both  i>f  these  are  made  from  artificial 
nixtures,  coasistiiig    of    kaolin,    ball-clay,    quartz,   and    feldspar,    and 
the   materials  used  are  selected   with  a   view   to    their  white-burning 
lualitics. 

The  kaolin  supplies  white  color  and  refractoriness  but  is  low  in  plas- 
ticity, and  to  supply  this  deficiency  ball-clay  is  added.     Quartz  serves 
I  diminish  the  shrinkage,  and  feldspnr  or  calcined  bones  as  a  flux. 
Porcelain  in  which  spar  is  the  flux  is  termed  hard,  feldspar  or  true 
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porcelain,  and  shows  a  bluish-white  color  by  transmitted  lighte,  whil 
that  which  is  fluxed  ia  part  by  calcined  bones  or  lime  phosphate  i 
termed  bone  chiim  and  shows  a  yeJlowish  color  by  transintttci 
light. 

The   proportions   in   which   these  several  substances   are   used 
commonly  kept  secret  by  the  potter,  but  enough  lias  been  published  14 
show  the  goncral  mixtures. 

la  the  molding  of  white  and  porcelain  wares  jiggertng  and  prcasi^ 
are  extensively  employed,  and  the  burning  ia  done  in  much  the  sanu 
manner  as  in  yellow  ware. 

Saggers,  which  are  oval  or  cylindrical  receptacles  made  of  fin^lay 
with  a  fiat  bottom,  about  20  inches  in  diameter  and  a  height  usuall| 
of  about  S  int'lK's,  are  used  for  protecting  the  ware  in  the  kilns. 

The  sjiggers  are  filled  with  uiiburned  wore  and  set  one  on  top 
the  other  (Pi.  XIX,  Kig.  2),  so  that  the  bottom  of  one  fonns  a  cove 
for  tlie  one  below  it,  the  joint  between  the  two  being  closed  by  a  atri 
of  "wad "-clay.  The  use  of  these  saggers  is  to  protect  the  ware  fnrti 
the  smoke,  gases,  and  ashes  of  the  kiln-fire.  The  chief  requisite  uf 
sagger-clay  is  that  it  shall  stand  more  heat  than  the  ware  |>Uic«(l  ia  ii 
and  repeated  firing  and  cooling,  as  well  as  handling  without  breaking 
Saggers  are  generally  made  fmm  a  plastic,  rcfractorj'  clay,  with  tli 
maximum  admixture  of  grog,  i.e.,  ground  old  saggers,  broken  firo-bric! 
etc.  The  kilns  are  usually  of  the  circular  up-draft  type  having  a  (Jiaro 
eter  tif  from  10  to  IS  feet.  Down-draft  kilns  are  but  little  used  U 
burning  while  ware  in  the  United  States,  although  in  Europe  the  dotm 
draft  method  of  burning  has  superseded  the  up-draft.  Tl»e  temperatui 
reached  in  burning  varies.  White  ware  is  commonly  burnetl  at  froi 
cones  8  to  9,  while  the  porcelain  may  be  fired  as  high  ns  cones  12  to  I 
Since  the  color  of  ferrous  iron  is  less  noticeable  than  ferric  iron  th 
fires  should  l>e  reducing  during  at  least  the  last  part  of  the  firing,  ai 
the  kiln  is  then  cooled  down  as  rapidly  as  possihle  to  prevent  the  »: 
dation  of  whatever  iron  may  be  in  the  clay. 

For  all  potter}-  ware,  except  hard  or  feldspar  porcelains,  the  bod| 
is  first  burned  in  the  biscuit-kiln,  then  glazed  and  burned  a  sccuud  tii 
in  the  glost-kiln.  For  white  ware  the  biscuit-burn  is  done  at  perbap 
cones  S  to  9,  while  the  gloet-burn  at  about  2  to  6.  For  yellow  and  Rock 
inghatn  ware,  fayence  and  majolica,  the  biscujt^burn  ranges  betw 
cones  2  to  8,  while  the  ghret  is  from  cones  07  to  03.  For  porcelain  lh< 
biscuit-burn  is  about  cone  2,  while  the  glost-bvim  is  at  a  higher  head 
and  in  this  country  ranges  probably  from  cones  U  to  IS. 

The  glazes  for  white  ware  and  porcelain  are  complex  compourxiU 
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Views  illuKtr&tiiig  the  process  of  turning  jarv.     (Photo  by  H.  H,  liindshavr 
Md.  ficol.  Surv.,  IV,  p.  358,  lfi02.) 
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un  urtificial  character.  They  consist  of  a  mixture  of  ucids  and  bases 
»mbuieil  according  to  a  definite  formula,  in  such  proportions  that  they 
vill  lueli  to  a  glass  at  the  temperature  reached  in  burning.  A  glaze 
aua  produced  must  furthermore  agree  with  the  body  in  its  shrinkage 
ad  coefiicient  of  expansion,  in  order  to  prevent  various  defects,  such 
crazing,  shivering,  peehng,  etc.  A  discussion  of  the  composition  and 
aethods  of  calculating  glaze  formulas  hardly  lies  witliiu  the  province 
this  work,  and  those  wishing  to  become  acquainted  with  this  sub- 
H  are  referred  to  a  most  excellent  little  manual  of  Ceramic  Calcula^ 
iiona  issued  by  the  American  Ceramic  Society.' 

The  glazes  used  on  white  ware  are  usually  fritted  first.  That  is, 
the  ingredients  of  the  glaze  after  mixing  are  melted  either  in  a  fril- 
tiln  or  a  sagger,  broken  up  and  ground  wet,  together  with  certain  added 
oaterials.  This  glaze  mixture  i.s  then  of  a  cream-like  consistency  and 
the  bi.scuit  ware  i«  dippeii  into  it  (PI.  XXIIj.  Jn  the  glost-kiln  this 
irh'in  coating  of  glaze  mell-s  to  a  ghisey-  layerland  covers  the  body  en- 
llirely.  White-ware  glazes  commonly  o^we  jtjhj^r^eaBy  fusibility  to  borax 
ind  lead,  white  those  used  on  porcelain  contain  no  lead,  and  require 
higher  heat  for  maturing. 

White  ware  and  porcelain  are  ofteri  elabAratcly  decorated,  either 
Qder  or  over  the  glaze,  but  the  ft^rm  of  decoration  most  often  seen 
I  print-work.    This  is  done  by  printing  a  copper-plate  design  on  special 
aper.  and  applying  this  to  the  surface  of  the  ware.    After  being  allowed 
stand  for  a  few  hours  the  paper  is  wa.shcd  off,  but  the  ink  f.f  the 
sign  is  retained  on  the  surface  <>f  the  ware.     The  colors  are  then  fixed 
by  firing  in  a  muffle-kiln  at  a  dull-red  heat.    The  print-work  is  some- 
Itimes  "filled  in'*  and  clalxirated  by  brush-work,  or,  nn  better  grades 
of  ware,  the  entire  design  may  be  haiid-paintcd.     The  more  delicate 
>lora  as  well  as  gold  have  to  be  applied  over  the  glaze  as  they  are  de- 
Dyed    by    hard-firing.     With    ctiromolithogniphy    a    soft    and    oma- 
nental  multicolored  design  can  be  produced  at  one  operation,  but  it 
but  little   used  in  this  country,  although  productive  of  beautiful 
Terts. 

Electrical  porcelain.— This  forms   a   separate  branch   of   the  clay- 

vorking  industry.     These  insulating  materials  are  made  of  a  mixture 

white-burning  clays,   felds]Hir.   and   flint,  and   niolclod   by   the  dn,'- 

9S  process.     It  is  necessary  to  burn  them  to  vitrilication,  and  none 

probably  burned  below  cone  10  and  wjine  at  cone  12.    They  are 

Itisuaily  glazed  in  one  burning. 


'  Purchasable  Tor  $1.00  fpom  Ed.  Orton,  Jr.,  Sec'y,  Columbus,  Ohio. 


1 


276  CLAYS 

Sanitary  ware  is  made  sometimes  from  the  same  clay  bodies  as  white 
ware,  but  the  body  is  usually  vitrified  or  nearly  so,  and  is  glazed.  The 
ware  is  formed  by  hand  in  plaster  molds,  and  great  care  has  to  be  exer- 
cised in  drying  and  burning. 

Bathtubs  and  washtubs. — These  are  commonly  made  from  buff- 
burning  clays,  such  as  are  used  in  terra-cotta  manufacture,  and  covered 
with  both  a  white  slip  and  a  glaze.  The  lining  is  usually  vitrified,  but 
not  the  body,  and  they  are  termed  porcelain  lined.  The  pressing,  drying, 
and  burning  of  such  a  large  object  as  a  bathtub  requires  much  care 
and  time.  The  pressing  is  done  by  hand  in  lai^e  plaster  molds,  and 
the  wares  are  burned  commonly  at  from  cones  9  to  10,  or  i>erhap8  slightly 
higher.    A  finished  bathtub  may  weigh  as  much  as  1100  pounds. 
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Introduction.— In  tliia  chapter  and  the  two  fnllowing  onea  it  is 
proposcti  to  describe  briefly  the  occurrence,  properties^  and  uses  '  of  the 
chiys  found  in  the  diffea'iit  StatoH.  While  it  is  thought  that  the  more 
iniportuut  faciei  are  grouped,  licre,  still  there  may  Ite  some  wliu  wish 
tf>  obtuin  additional  detaiis,  whiili  they  can  do  by  looking  up  the  refer- 
ences pivcn  at  the  end  of  the  discussirtn  of  ciich  State. 

A  grimpin^  of  tiie  clays  ttccordiiig  to  pe4jlofiic  formations  has  been 
adopted  partly  because  the  subject  i»  treate<l  mainly  from  the  stand- 
jMiint  "f  the  economic  p;ci)logist,  jind  pnrlly  bcciiusc  it  mimits  of  greater 
uniformity  in  mode  of  presentation,  Fnr  the  benefit  "f  those  wlio  wnuld 
•refer  a  grouping  by  kinds,  the  index  has  been  made  as  complete  as 
pfwsible,  in  order  to  cnat>lc  them  to  find  .he  data  for  which  they  are 
Bfaivhiiit;. 

Statistics  of  Production. —  T^uibtlcss  few  people  realize  tlu*  ini- 
ptirtiitice  of  the  cluy-workitij;  industry  in  the  t^iittcd  J^tales,  aiui  yet 
this  is  not  so  surprUiiiK.  since  flay  hns  le!^'<  popiihir  attraction  than 
many  other  mineral  products,  such  as  gold,  silver,  etc.  A  casual 
glance,  however,  jit  the  iionuiil  figures  of  pmduction  will  probably 
sjieedily  convince  one  thfit  clay  is  to  l)C  chisse*!  among  the  fore- 
most mineral  products  of  the  country,  being  outranked  only  by  ooal 
and  iron. 

The  rtutistics  of  pnH!ucti<in  for  UK>4,  as  published  by  the  United 
Pt.itep  fieolopical  Survey,  are  given  on  p.  27S. 


■  Thia  refers  to  their  use  for  the  maniifaciure  of  clay-produclH. 
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CLAYS 
Vavvk  or  Ci-fcT-p»oDrrT»  op  -jwe  L'snxo  ^tatk*  i.x  1904 

Pn»J«*  Valo.  Per«M  0*10 

Commoa  brick. S51,76S,5SS  :I9  61 

Vitn&ed  pavinf  4iridL 7,BSi.*25  5.77 

Fnmt  brick 5,560,131  4.24 

Fancy  or  omamental  bride M5,fl30  .tt 

Dmin-tile 5.34S,5&5  4  .Oft 

Sewer-pipe B.lt>7J'J3  7 .  01 

ArcfailecturaJ  terra*ootU. 4,107,-I73  3   14 

FiPeproo5rig 2,502,603  1 .  91 

UoUon  block* 1.120.496  .85 

Tile,  not  dtvin 3.023.428  l>.3l 

Fire-brick. 1 1 , 1 67 .972  S .  52 

Misc»Uan«ou8 3,6ti9.2S2  2.80 

R«d  eartbenwue. 7.56,625  .58 

Stonewan-. 3.411.025  S.OO 

Yellow  and  Kockinefaain  ware. 290^19  .22 

C.C.ware 854,380  .6a 

White  granite  and  seniUpfjrcelain 10,K.'t6.1 17  $.27 

Cbina l,aR3.513  1.21 

Bone  china,  delft,  and  ttellcek 162,500  .  |2 

Sanitary  ware, 3,3ft5,.T75  2. 74 

Porcelain  electrical  supplies 1,431 .452  ]  .09 

Miscellaneous  pottery 2,246.455  1 ,  72 

Total $131 .023.348  UtO  00 

Cl^t  Mixed  and  Sold  in  thc  Uniteu  States  is  1004 

KiiMl.  ValiM 

Knnlin t3l>4 .5S3 

Paper    2T0.»>I 

Slip U  942 

Ball U2.02S 

Fire. 1,306  0.'>3 

Stoneware B3.9CM 

Miscellnneous 19.5.272 

TolAl $2.320  162 


Alabama 

Thc  rIay-Heposits  of  this  State  are  (ILstributed  over  a   wide 
of  geologic  formation.s,  whose  characters  are  Wefly  referred  to  beloir. 

Archsan  and  Algonkian 

^  The  rocks  of  this  age,  which  underlie  a  roughly  IriRngular 

A      the  eastern  part  of  the  State,  consist  of  granites,  gneisses,  and  schatij 


PLAJ'K    XXII 


nipping  l>ii'cuil  ^\urt'  ititu  the  ghiziiig-tub*!.     (Photo  by  H.  Hic«.} 
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all  of  which  have,  by  surface  decay,  furnished  a  residual  cloy,  usually 
of  ferruginous  character.  In  the  schist  areas,  however,  tliere  are  not 
a  few  pegmatite  veiriiJ,  who.se  decomposition  has  resulted  in  the  forma- 
tion of  kaolin.  Such  occurrences  arc  found  near  Milner,  Pinetucky, 
and  Micaxnlle.  Randolph  County,  and  Stone  Hill  in  Cleburne  County, 
but  they  arc  all  undeveloped,  owing  to  lack  of  railroad  facilities.  The 
Alabama  kaolins  in  their  crude  condition  are  rather  siliceous,  liighly 
refractory,  and  burn  to  a  very  white  color. 

Cambrian  and  Silurian 

The  clays  obtained  from  these  format il^nH  are  either  residual  deposits 
lor  arc  wmcentratea  from  these,  which  have  been  carried  by  surface- 
I  waters  down  into  sinks  and  other  depressions.  While  the  Silurian  rucks 
contain  some  shaly  members  they  are  not,  so  far  iw  known,  used  for 
brickmaking,  but  the  resiilual  clays  which  are  usually  impure  are  ex- 
tensively employed  for  this  purpose.  At  certain  localities,  such  as  at 
Oads<leu,  Kymul|ra,  PcaceburRh,  and  Oaxanna,  white  clays  oocur  aur- 
rouude*!  by  the  impure  ones,  and  those  found  in  Cherokee  County  Imve 
been  used  for  fire-brick  manufacture. 

Lower  Carboniferous 

Although  occupying  a  number  of  small  areas  in  the  northern  portion 
of  the  State  no  clays  of  economic  value  have  been  noted  from  these. 
In  Will's  Valley,  however,  it  carries  an  important  bed  of  white  clay, 
which  is  also  found  farther  north  near  the  State  line.  The  white  clay, 
which  is  known  locally  as  chalk,  and  has  an  aggregate  thickness  of  about 
40  feet,  is  worked  near  the  State  line  about  Eureka  station,  and  thence 
southward  for  two  miles. 


Coal-measures 


I 

H  These  occupy  a  large  triangular  area  iu  the  northern  part  of  the 
Estate,  but  since  a  great  portion  of  tlie  region  is  remote  from  the  railways, 
whatever  shales  or  clays  it  may  contain  have  been  but  little  developed. 
The  most  important  deix)8ita  are  the  under-clays  found  in  some  of  the 
coal-fields,  which  have  been  employed  for  making  pottery,  as  at  Jugtown, 
Fort  Payne,  Ro<ientown,  etc.  The  shales  are  also  used  in  some  parta 
of  the  State  for  making  vitrified  brick,  esjwcially  at  Couldale  and  North 
Birmingham.  No  fire-clays  have  thus  far  been  found  in  the  coal- 
mcAsures. 


This  contains  the  most  important  clay-deposits  in  the  State,  but 
most  of  (he  beds  have  thus  far  been  found  in  one  member,  naoict; 
the  Tuscaloosa.  This  consists  usually  of  yellow  and  grayish  aartdal 
with  smaller  beds  of  pink  and  light-purple  sands  thinly  laminated,  dark- 
gray  clays  holding  mnny  leaf  impressions,  and  gray  ]ea^*es  of  massive 
clay  which  vary  in  color.  The  formation  oceupies  a  belt  of  country 
extending  from  the  northwest  corner  of  the  State  around  the  edges  nf 
the  Paleozoic  formations  to  the  Georgia  State  line  at  Columbus,  attain- 
ing its  greatest  width  at  the  northwestern  boundary  of  the  Stjite.  The 
purer  clays  have  as  yet  been  found  only  in  the  northern  part  of  this 
area,  in  Fayette.  Marion,  Franklin,  and  CoUiert  counties,  and  the  ad- 
joining parts  of  Mi.ssissippi,  but  the  following  section  from  12  miles 
of  Tuscaloosa  affords  a  good  idea  of  the  character  of  the  deposits. 


'4 


Seittion  12  Milks  East  of  Tuscaloosa,  Ala. 

Feet.    In. 

1 .  Puiple  massive  clays 5 

2.  Ferruginous  sandstone  crusts 6-8 

3.  Variegated  clayey  sands 10 

4.  Purple  clays  with  sand  partings 10 

o.  Ferruginous  crusts 1 

6.  Laminated,  gray  and  yellow  sandy  clay 6-8 

7.  Lignite  with  pyrite  nodules 2       6 

8.  Dark-gray  massive  clays 6      8 

9.  Covered 1       8 

10.  Purple  day 


This  section  shows  great  vertical  variation  and  a  similar  one  maf 
occur  horizontally.  Nevertheless,  the  formation  contaias  not  a  few- 
deposits  of  workable  size,  which  are  employed  for  stoneware  and  common 
earthenware,  as  at  Sulligent,  Tuscaloosa,  etc.  In  Colbert  County  the 
Tuscaloosa  formation  carries  fire-clays,  and  other  deposits  are  known 
near  Woodstopk  and  Ribbville,  .A.  curious  white  siliceous  clay  occurs 
near  Chalk  Bluff  and  Pearce's  Mill,  Marion  County,  but  it  has  uotj 
utilized. 


UISTKIBUTION"  OF  CXAY  IN  THE  UNITED  STATES 


Tertiary 

The  Tftrtian*  formntions  underlie  tlie  southern  third  of  Alahamft,  and 
rhile  it  is  known  that  they  contain  extensive  deposit.^  of  clay,  ihe^* 
we   been  but    little   inveHtigated.     The   most    promising  occurrences 
lof  clay  in  this  section  are  in  the  Grand  Ciulf  fnrmaticin  (l^liocene)  which, 
|ac«-ording  lo  Dr.  E.  A.  Smith,  overlies  unronformably  m<ist  of  the  older 
Tertiary   beds.     A  siliceous  clay,  resembling   flint-clay  in  appearance, 
foimd  in  nbunrlanre  in  Ch<K-ta\v,  Clarke,  Conecuh,  and  other  counties. 
its  analyaia  is  giveu  in  the  ap{>eaded  table. 

Pleistocene 

Over  much  of  the  coastal  plain  in  the  second  bottoms  of  the  rivent 
there  is  u  great  extent  of  yellow  lonin  suitable  for  brlrkiiiaking,  which 
jrrcsponda  to  tlie  Columbia  loamy  of  the  Northeru  States. 


Division  of  Clays  by  Kinds 

China-clays. — ^The  only  kaolins  are  those  occurring  chiefly  in  Ran- 
fciolph  County. 

Fire-clays.^The  iirc-cUys  of  Alabama  (■(►me  frc»ni  four  geologic 
t  li(>ri/.f)n.s,  namely:  (I)  The  Cambrian  and  Silurian  limiestonc  forniii- 
lioas  of  the  Cot>sa  \'alley  region,  seen  at  I'euceburgh,  CaUumn  County, 
OxiXiinim  County,  and  Kwk  Uuu,  Cherokee  County;  {'2)  the  cherty 
limestone  of  the  Lower  Carboiuferous  formations  4)f  Will's  Valley,  seen 
at  Will's  Valley  and  Vullry  Head,  Dekalb  County;  (3)  the  Tuscaloosa 
foriTiatinn  of  the  Lower  Cretarwjun,  occiu-rence-s  Ix^ing  known  at  Uibb 
ville  and  Woodstock  in  Bibb  County,  Hull  station  aiul  Tuscaloosa  in, 
TuspahK)Wi  County,  Potter's  Mills  in  Marion  County,  am)  I'egram  ia 
Coltwrt  County;    (4)    the  Lower  Tertiary  formation.  Choctaw  County. 

Pottery-clays.— These  are  found  at  a  numlier  of  localities,  includuig 
Blount  C^mnty;  Kock  Kun,  Cherokee  County;  Fort  Vayue,  Dekalb 
C^iunty;  Coosjida.  KImore  County;  liedford  and  Kernbank,  Lamar 
County;  TuscuIoosh,  Shirley's  Mill,  Fayette  County;  Pcgram,  Colbert 
County. 

Brick-clays. — Many  deposits  are  foun<l  in  all  jiarts  of  the  State. 

In  the  fftllowing  table  there  are  given  a  numlwr  of  physical  tests 
and  rhemicnl  analyses  of  Alabama  clays.  Additional  ones  will  be  found 
in  Keferencc  4,  on  page  2Ha. 
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UISTKIBLTION  OF  CLAY    IN  THE    UNITED  STATES 


Localities  or  CtATe  in  Precedino  Table 


No. 

LoooJily. 

Geolosieal  Ace. 

Uaw. 

1. 

II. 

!•                      n 

in. 

IV. 

'  V. 

Ribhville 

VL 

Bedford 

t  <                (1 

VII. 

Shirley's  Mills. . , 

H                         tl 

VIII. 

n                  ** 

IX. 

tt                      n 

X. 

•  (                 •< 

Nob.  I-X  rrom  Bull.  6,  Ala.  UeoL  Survey. 

References  on  Alabama  Clays 

1.  MK'nlley,  H.,  Report  on  the  Valley  Regions  of  AlabamA  (PoIjp- 
OKoic  strata):  Clays.  In  two  parts.  I.  The  Tennessee  Valley  Region, 
Ala.  Oenl.  I^urv..  p.  6S,  lSf>6. 

2.  Ibid..  II.  The  Coosa  Valley  Region,  p.  M,  1S97. 

3.  Mell,  r.  H.,  Jr.,  The  Southern  sfwipstonea,  kaolin,  and  fire-fjlays 
and  their  uwefl,  Amer.  In.^t.  Min.  Eiig..  Traua..  X,  p.  3IS,  1882. 

4.  Rie.s,  H..  The  Clays  of  Alabama,  Ala.  Geol.  Surv.,  Bull.  G,  p.  220, 
I     1900. 

5.  Smith,  E.  A.,  The  Clay  Resources  of  Alabama  and  the  industries 
dependent  on  them,  Eiig.  and  Min.  Jour.,  LX\'l.  p.  1569.  189S. 

■         6.  Smith,  E.  A.,  Geological  relations  of  the  clays  of  Alabama,  Ala. 
"    Geol.  Surv.,  Bull.  6,  pp.  69-113,  1900. 

Arkansas 

In  the  Mesozoic  regions  of  Arkansas  there  are  found  a  great  variety 
cf  riays.  Those  occurring  within  the  Tertiary  region  are  wiid  lo  have 
been  wseA  for  the  manufacture  of  pottery,  while  kaolin  is  aakl  to  occur 
in  Pike,  Pulaaki,  Saline,  and  Ouacliita  counties,  but  the  beds  are  rarely 
over  2  feet  in  thickness.  The  Pulaski  deposits  are  the  only  true  kaolins 
of  thoee  mentioned. 

Brick-clays  are  abimdant  in  the  Pleistocene  formations.  The  shales 
Aflsochited  with  the  Carboniferous  coals  should  also  prove  of  value  for 
the  manufacture  of  clay-produeta.  Aecording  to  Branner  they  occur 
in  great  abundance  between  Little  Rock  and  Fort  Smith. ^ 

The  following  analj'ses  are  given  by  Branner  in  the  paper  referred  to 
above: 

'  IJriinucr,  Amer.  Insi.  Miu.  Eug.,  Trans..  XXVIII,  p.  ^2.  1897. 
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Analyses  of 

Arkansas  Clatb 

I 

11. 

in. 

IV. 

V. 

VI. 

vn. 

VUI. 

IX. 

Silica  (SiO,)... 

53.30 

62.  .16 

58.43 

51.3 

63.07 

48.34 

76.33 

/5.99 

la  % 

Alumina 

23.29 

25.52 

22.50 

24.69 

23.92 

34.58 

16.04 

16.12 

3T» 

(A1,0,), 

Ferric       oxide 

0.52 

2.16 

8.36 

10.57 

1.94 

1.65 

1.24 

1.S5 

1.71 

(FejO.) 

Lime  (CaO). . . 

.36 

.51 

.32 

.32 

.23 

.81 

dir. 

I.tt 

Magnefiia 
Potash  (K,0)  . 

1.49 

.29 

1.14 

.63 

trace 

traoD 

.«0 

1.4ft 

-.» 

1.36 

1.90 

2.18 

2.18 

1.15 

.44 

Soda  (Na^).  . 

2.76 

.66 

1.03 

.72 

1.08 

1.28 

Water  (HaO)  . 

5.16 
97.24 

5.32 

6.87 

9.11 

7.07 

12.94 

6.40 

».« 

Total  ,  . 

98.72 

100.83 

99.31 

99.46 

100.02' 

100.00  M.n   BB.9» 

UHbBiNL 


I.  day-shale  from  railrosd  cut  Kt  south  end  of  upper  faridie,  LJttla  Ro^ 
II.   Delayed  ah&le  from  Iron  MouDtoiD  Reilrcoul  cut,  at  eroaBing  at  Mt.  Iibi  nai, 

III.  Oay-ahale  from  Nieaer  Hill.  Little  Kock. 

IV.  From  S.  E.  4  of  S.TV    *.  Sec.  31.  10  N.   23  W. 
V.   Bentun,  Hick's  bed.  2  9..  15  W.,  8eo.  12 

VI.  Benton,  Mowe'n  pottery 
VII.  John  Foley'^,  13  S.,  24  W  .  See.  18.  N.  E.  4  of  S.  El  i.     ' 
VIII.  Climax  potterv.  l.-i  8..  2R  W.,  Sec.  .1.  W   J  of  S.  E  i. 
IX  Kaoliu,  1  N.,  12  W..  Sec.  36.  Tarpley'x. 

I-IV,  Carbouifeioiu;  V-IX,  Tertiary.     Branner,  Ref.  1. 

References  on  Arkansas  Clays 

1.  Branner.  J.  C,  Cement  Materials  of  Southwestern  Arkansas,  in 
Amer.  Inst.  Min.  Eng.,  Traas..  XXVII,  p.  42,  1897, 

2.  Annual  Report  of  State  Geologist  for  1888,  Pt.  V,  p.  11.  Gives 
numerous  analyses. 

Arizona 

The  clay  resoxirres  of  this  State  have  been  but  little  deveioped. 

Ransome  ^  states  that  clay  for  use  in  a  mixture  to  line-converters 
is  obtained  from  near  the  Czar  fault  in  the  Copper  Queen  mine,  and 
has  been  formed  by  decomposition  or  alteration  of  the  Obri^  lime- 
stone. 

Common  brick-days  are  used  locally  at  a  few  points. 

California 

Published  information  regarding  the  properties  of  the  Califomi* 
clays  is  very  meager,  although  many  scattered  references  are  to  he 
found  in  the  annual  reports  of  the  California  State  Mineralogist,  espe- 
cially the  7th  to  VMh. 

Residual  clays  are  derived  from  many  of  tlie  formations  occurriiu: 
within  the  State,  and  are  occasionally  \vorke<l  for  common  brick. 


'  Ti(j..,  150. 


'  U.  S.  (ieol.  Alius,  Folio  No.  112,  p.  17, 


FiU-  1. — Pit  of  CnrlioniferotiR  xhiile  near  Binningboni,  Alii.     (Ctnives  photo.'^ 


fui.  '2, — 'I'ertiary  cliiys  [Imie  fnrniuUon)  uH-d   fcr  I'riik,  Icrrn-tolla,  vtv.. 
Liiicahi,  Ciilif.     (.rhoiu  loaned  Ly  Ciliidduig,  McBtaii  &  Co.) 
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Of  the  setlirnciitary  flays,  thoae  l)el*)nging  to  the  lone  formation 
I  of  the  NetK^eiie,  extensively  dcvelope<i  in  (he  (Sreat  Valley,  are  tlie  most 
^^importaiit.  hut  unfortuimlely  they  are  exposed  in  only  a  few  place.**. 
"  Lindgren  '  states  that  the  white  cluy.H  <jf  this  fr>rmaticin  are  frequently 
well  suiteii  t<»  jxiltery  manufacture,  and  the  clay  industry  has  l)een 
extensively  developed  around  Lincoln,  Mlacer  County.  Similar  beds 
;  found  at  many  places  in  the  CoBumne«  area,  hut  they  are  not  wr>rketl. 
The  white  lone  clays  have  altwi  been  cxteiLsively  dug  to  the  north- 
ecst  of  lone  and  above  Cnrbondale.  to  be  used  in  making  coarse  polterj'. 
variegated  cUiy  of  pood  quality  has  l«>en  quarrienl  at  ^■alley  Springs 
|and  shipped  to  Stockton  for  making  pottcry.- 

A  Ijelt  of  clays  is  also  said  to  extend  in  u  general  west  of  north  and 
^east  of  south  direction  fntni  Klsinnre  on  the  south  to  Con>im  ttn  the 
rrnrth.  These  have  beei»  dug  for  the  factories  tit  Klsitiore,  Corona,  and 
Los  Angeles.^ 

At   I^s  Angeles  the  Tertiary- olays  are  uwid   locally  for  brick  and 

flower- pot  N, 

K       The  Lincoln  locality,  although  the  smallest  of  the  three  imi>ortant 

^oncs,   is  extensively   worked;   the  Carbon<lale  area  contains  probably 

the  best  grades  of  clay,  but  the  Elsrinore-Cocona  belt  aflforda  a  greater 

variety. 

^P  References  on  California  Clays 

1.  Anon.,  Industrial  >[aterials  <if  California,  Calif.  State  MiniuR 
Bureau,  Bull.  3S,  1(RI6. 

•J.  JohiLSou,  W.  D.,  Claya,  Calif.  State  Alincratogist,  »th  Ann.  Uept.» 
287,  189(1. 

3.  Hies.  H.,  The  riiiy-working  Industry  of  ihc  Pacific  Canst  States, 
Mines  and  Minerals,  XX.  p.  4S7.  UHMK 

4.  See  scattered  notes  in  Aruiuut  ReiMirt**  of  California,  State  Miner- 
alogist, up  to  the  13th. 


Colorado 

The  clay-bearing  formations  of  Colorado  which  have  been  thus  far 
examined  or  developeii  are  chiefly  Cretaceous,  Tertiary,  and  Quarter- 
nary. 

•  a.  8.  c.  8.,  a«oi.  Atiiui.  r»iH,  a, 

'Turner,  U.  S.  (jpoI.  Survey,  f;«»I.  AtlsM,  Folio  II. 
■  Bull.  38.  C«Iif.  State  Min.  Biirwut.  1006. 
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Mesozotc 

The  fVeUiceotis  and  Tertiitry  lie<i«  »ro  well  cxposeti  nlnng 
edge  of  the  Knoky  Miuintnins.  wliere  thoy  li:ivo  1»tii  wcirkwi  fni 
years. 

In  tlie  Dcnvfj-  Hasiu,  which  is  the  most  impnrtnrn,'  the  <*layj«  4r» 
derived  from  the  Denver,  Laramie,  Vox  Hills,  and  Dakota  funnutinas 
but  the  second  and  fourth  arc  comparatively  unimportant. 

The  Dakota  fnrmtitinn  in  the  Denver  Basin  rarriee  beds  of  (in-fjiiv 
which  occur  a«  non-continuous  bands  5  to  15  feet  thiek  und  several 
lumdreil  feet  in  length,  in  the  argillaceous  sl^alcs  whith  separate  theUv 
or  Ihroo  heavy  layei*s  of  sandstones  that  constitute  the  bulk  «f  the 
fonnatiun,  and  fomis  the  hogbacks  around  Golden  (PI.  XXIV,  Fig.  I'j. 
The  fire-clays,  some  of  which  fuse  at  cone  33,  are  bluish-gray  or  bUek 
in  color,  the  impurities  consisting  of  wind  laminse^  and  iron  oxide  result- 
ing from  the  de<'<Hnpositioii  of  pyrite. 

The  Goklen  clay  enjoys  a  high  reputation  for  fire-brick  and  nasai-er't 
niaterials.  Fire-i'lays  also  exist  in  the  Laramie  in  cunnertion  with  iW 
coal.  Imt  these  are  of  inferior  quality  and  irregular  thickness. 

The  Dakotu  clays  have  also  been  worked  at  Parkdale»  west  of  Puetikt, 
to  supply  the  fire-brick  works  at  the  latter  locality. 

The  upper  half  of  the  Fox  Hills  formation  carries  an  abundance  id 
slightly  arenaceous  eluys  suitable  for  structural  materials,  and  thes* 
have  hern  worked  at  both  (ioldcn  and  \'alniont. 

At  Ili>ulder,  Boulder  County,  the  Pierre  shales  of  the  Crelnreou* 
afford  an  excellent  supply  of  material  for  common,  pressed,  and  parioj; 
brick.  liut  the  innterial  seems  to  vary  i»  its  physical  properties  fri)m 
place  to  place  (Rcf.  2).  The  Ciu*lisle  shale  has  been  worked  at  La  Juntft 
for  red  drj'-pressed  brick. 

Pleistocene 

The  loess  is  useil  at  many  points  in  eastern  Colorado  for  makinjc 
common  brick,  and  many  brick-yards  around  ]>envcr  are  supplied  irilh 
it.     At  other  localities  alluvia!  clays  are  easily  obtained. 

References  on  Colorado  Clays 

i.  Eldridge,  Cross  and  Emmons,  Get)logy  of  Denver  Basin,  V.  8. 
Geol.  Surv..  Mon,  XXVII.  p.  387,  IS96. 

2.  Fenneman,  N.  M.,  Geology  of  Boulder  District,  Colo.,  I.  !n 
Cteoi.  Surv..  Bull.  2ti5.  p.  72,  1905. 


Fia.  2.— View  oi  lirt-rlay  ((its,  (.luldcii.  I'nKi.      1  Jil-  auail  day  tia^  lnvri  taken  out, 
the  wurihleKs  jiaikIv  It^U  lpfi  >tlaiitling.     (I'liuio  by  H.  Rkw. < 
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3.  Geijabeek,  S.,  Colorado  Clays,  Clay-worker,  XXXVI,  p.  424. 

4.  Ries,  H. .  The  Clays  and  Clay  industry  of  Colorado,  Amer.  Inst, 
tin.  Enp..  Trans.,  XXVII,  p.  330.  1S9S. 

5.  Hies,  H.,  U.  8.  Geol.  Surv.,  18th  Ann.  Rept.,Pt.  V  (ctd.),  p.  1131, 
H897. 

Amaltbes  of  Colorado  Clats 


Silica  (SiO,) 

Alumina  (Al^))) 

Ferric  oxide  (KejOj), , 
.  ferrous  oxide  (FeO). 

"jinie(C»0) 

_  -  ,      "    (MgO) 

IPoUMh  (KiO). 

^      da(N»/» 

[Titaoic  ndd  (TiOi), . 

Ya»cr  (H,0) 

iMuiBluro 

)rganlc  matt«r 


1. 


60  35 

33. G4 

.75 


trace 
.49 

.09 

.80 

11.75 

2.13 


ToUj 100.00     99  Wl      100.00      99.87 


a 


(>3.309 

H-38 

0,27 

.859 
I. SI 
2.57 
1.281 
2.19/ 

5.2-23 

2,05 


111. 


4tt.6l 
37.20 

.15 


IV 


63 .  22 

24.72 

.43 


1.23       trac« 
.47 


I.  A  H7«c*I  GolJ«D  Bn»-«lay.  V.  8.  (i.  8..  Moo.  X*XVI1.  (..  SOO. 
II.   Piarn>  -tmlA,  l,«e  yanl.  BonJtler,  Boulder  tV>uniy,  I',  b.  U.  U.,  Bull.  306,  i*.  7*. 

IV.  PucIjI...  Pueblo  County,  I  ^-  *  **■  ^-  lAttt-Anu.  R«pt..  Pt.  I\ .  pp.  5A-I- 


5A4-I»9. 


Connecticut 

The  clays  at  present  worked  in  this  .State  are  confined  to  the  central 
lowland  portion  of  tlie  State,  and  to  West  Cornwall  in  Litchfield 
County. 

Residual  Clays 

At  West  Cornwall,  Litchfield  Ctmnty  (PI.  XX\',  Fig,  1),  there  is  a 
depHJsit  of  koalin,  whlcli  lias  l>een  formed  by  tlie  weathering  of  a  bed 
of  feld.spattiic  tjuartzite.  but  has  been  protected  from  glacial  erosion, 
partly  because  of  its  location  in  u  hollow,  and  partly  because  of  its  beiog 
interbedded  with  harder  quartzitee.  It  is  of  while  color,  and  sandy 
or  granular  te.\ture.  The  deposit  which  haa  a  length  of  at  least  1000 
feet  dips  soutlieastward  at  a  rather  steep  angle  and  is  worke<l  by  forcing 
waterdown  through  pipes  and  washing  out  the  clay,  which  is  then  brought 
up  in  suspension  and  Boated  down  to  the  settling-tanks.  This  clay  is 
sold  to  potters  and  paper  manufacturers.  An  analysis  of  the  washed 
material  is  given  below.  .' 
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Pleistocene 


Nearly  all  of  the  workable  clay-deposits  of  Connecticut  are  of  this 

jage,  and  were  deposited  either  in  estuaries  at  a  time  when  the  land 

f  stood  at  a  lower  level,  thus  allowitig  the  water  to  (K*cupy  some  of  the 

valleys  entering  Long  Island  Sound,  or  else  they  were  laid  down  in 

lakes,  formed  by  the  damming  of  the  valleys  by  glacial  drift.    The 

valley  of  the  Quinnipiac  depressed  l>elow  sea-leve!.  became  a  Inn^,  deep 

Iestuan-  in  whtrh  the  fine  clay  derived  from  the  material  in  and  under  the 
ice  was  depasited. 
The   Milldale,    Berlin.    Middletown,    and  Cromwell  clays  are   lake- 
dep«>siti. 
The  central   Connecticut  clays  are  grouped  by  Loughlin  into  five 
ureas,  as  follows: 
Northern  area,  the  largest  in  the  State  and  including  the  brick-yanls 
in   and  north   of   Hartford.     The  clay  is  a   blue   or  sometimes  red 
dep<»8it  of  highly   plastic    character,  alternating  with   layers  of   fine 
quicksand. 
This  area  extends  from  King's  Island  to  eastern  llock  Hill  County. 
At  Hartford  it  lies  chiefly  west  of  the  river  anrl  is  4  to  5  miles  in  width, 
thence  it  extends  northeastward  to  Soutli  Windsor,  where  east  of  the 
[river  its  width  is  2  to  5  miles.    Ita  thickness  varies  from  a  few  feet 
[to  as  much  as  95.    At  most  points  the  clay  is  overlain  by  a  varying . 
[thickness  of  red  or  yellow  sand. 

Ciayion  area,  a  small  area  of  reddish  clay,  having  a  depth  of  not 
less  than  15  or  20  feet  and  overlain  by  coai-»e  .sunfl. 

Berlin  area,  a  brownish-red  cluy-deposil  in  the  valley  of  the  Sebetb 
llUvcr  between  Berlin  and  Middletown. 

Quinnipiac  area,  iiicUi<liri(;  the  clays  extending  from  North  Haven 
suthward  into  Xew  Haven.     The  clay  is  simihir  to  that  of  the  Berlin 
5ion,  and  is  usually  overlain  by  several  feet  of  peat.    Its  measured 
r  thickness  ranges  from  6  to  30  feet. 

Milidak  arm.     This  is  the  smallest  of   the  worke<l  deposits.     In 
[character  the  material  is  similar  to  the  others. 

All  of  thet«  I'lei.stocene  clays  are  used  chiefly  for  the  manufacture 
of  common  brick,  although  a  small  quantity  of  the  drain-tile  and  earthcn- 
[ware  is  also  produced.    The  stoneware  and  fire-brick  manufactured 
rm  Connecticut  are  fmm  New  Jersey  clays. 

The  following,  analyses  are  taken  from  Loughlin's  report  referred  to 
4ow. 
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Analyses  of  Conkecticct  Cl&ts 


Silica  (SiO,) 

Alumina  (AljOa) 

Ferric  oxide  (FejOi). 
Ferrous  oxide  (FeO). 

Lime  (CaO) 

Alagnesia  (MgO) 

Soda  (Na^) 

PotaHh  (K7O) 

Water  (H^) 

Moisture 


Clay  substance 

Quartz 

Oay  base 

Non-Auxing  impurities. 
Fluxes 


I. 


47. 50 

37.40 

0.80 


trace 


1 1.10 
12.48 


99.00 
1.00 


II. 


52.73 

22.25 
3.14 
4.55 
1.48 
3.20 
/2.22 
14.28 
1.12 
4.01 


34.15 
46.86 

18.87 


III. 


50.33 
27.06 
2.29 
2.62 
1.22 
3.34 
1.78 
4.40 
1.42 
5.24 


47.36 
36.69 
15.65 


IV. 


55.27 
20.52 
5.34 
1.65 
2.21 
2.80 
2.82 
3.43 
1.37 
fi.06 


34.04 
48.18 
18.15 


V. 


58.02 
17.93 
4.89 
1.24 
3.42 
1.92 
3.33 
3.06 
0.99 
5.36 


28.76 
53.55 
17.86 


\l 


56.75 
17. 5» 
4.92 
093 
4.16 
2.34 
3.40 
3.16 
1.24 
6.28 


27.82 
53.99 
18.93 


I.  We^t  Cornwall,  kaolia,  H    Riea.  anal. 
II.   S.  Windsor,  Conn..  East  Windsor  Bill  Brick  Co. 
III.  Newfi«l  f.  Tuttle  Brae. 
IV    Berlin.  Berlin  Brick  Co. 
;  V    Nortb  Haven.  I.  L.  Stiles  A  Sons. 

References  on  Connecticut  Clays 

1.  Loughlin,  G.  F.,  The  Clays  and  Clay  Industries  of  Connecticut, 
Conn.  Geo!,  and  Nat.  Hist.  Surv.,  Bull.  4,  1905. 

2.  Sheldon,  J.  M.  A.,  Concretions  from  the  Champlaln  Clays  of  the 
Connecticut  Valley,  45  pp.,  1900,  Boston,  Mass.;  Abstracted  in  Amer. 
Jour.  Sci.,  4th  scr.,  Vol.  11,  p.  397,  1901. 

Delaware 

The  clay  resources  of  this  State  are  of  comparatively  little  import- 
ance, nor  hus  much  been  published  regarding  them.  In  the  north- 
western part,  along  the  Pennsylvania  boundary,  there  are  deposits  of 
kaolin  similar  to  those  found  in  southeastern  Pennsylvania.  The  prod- 
uct is  washed  before  shipment. 

The  Potomac  Ijeds  of  the  coastal  plain  area  are  said  to  contain  .stone- 
ware and  firo-clays,  which  liavc  been  dug  at  two  localities  not  far  from 
AVilmington. 

District  of  Columbia 

According  to  Darton  ^  there  is  an  abundance  of  brick-clay  around 
"Washington  and  mucli  of  it  is  used,  in  fact  large  areas  have  been  dug 
ovpr  in  the  immediate  vicinity  of  the  city.      The  niaterials  employed 


'  r.  .S.  Geol.  Atla.s,  Folio  No.  70,  Washington,  D.  C. 
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are  chiefly  loams  belonging  to  tho  Columbian  formation,  but  the  sandy 
clays  of  the  Pototnuc  beds  are  utyu  used. 

Florida  ^" 

The  claya  of  Florida  arc  mostly  surface  deposits  of  Tertiarj*  and 
Pleistocene  age,  and  occur  chiefly  in  tho  northern  part  of  the  State,  the 
majority  of  them  beinji;  more  or  less  sandy  in  I  heir  character,  and  adaptei:! 
to  little  else  than  common  brick.  They  liave  been  worked  to  some  ex- 
tent around  Jacksonville,  and  also  at  a  few  other  localities.  While  most 
of  these  arc  ferruginous,  calcareous  ones  are  also  known,  and  have  been 
noted  from  several  lucalitics  us  IS  miles  southwest  of  Tallahassee,  and 
one  half  mile  southeast  of  Jackson  Blutf.  Their  composition  is  given 
below. 

The  ball-clays  are  the  most  important  ones  found  in  the  St&te,  These 
are  whit«-burning,  plastic,  sedimentary  clays,  of  high  rkJractoriness, 
which  arc  much  used  by  the  white-ware  potteries.  The  clay  occurs  ut 
several  points  in  northcentral  Florida  (Fig.  .if)),  and  the  diETcrcnt  arciis 
may  represent  portions  of  a  formerly  continuous  IkkI.  It  consist~s  of  a 
mixture  of  white  clay  and  (pi&rtz  pebbles,  the  latter  forming  65  to  75 
per  cent  of  the  entire  mass.  A  section  measured  in  the  pit  at  Edgar  ^ 
gave: 

Top-soil 8     ft. 

lmi)ure  upper  clay S-10  '* 

White  clay 25     " 

Green  clay 

The  thickness  of  the  preen  clay  is  not  exactly  known,  but  at  some 
localities  it  appears  to  rest  on  limestone.  An  extensive  belt  of  ball- 
olay  also  occurs  along  the  Palatlakaha  River  south  of  l^eesburg,  ami  at 
Bartow  Junction. 

On  page  208  are  given  analyses  of  both  the  calcareous  clays  and 
the  ball-clays. 

References  on  Florida  Clays 

1.  Memminger,  C,  G.,  Florida  kaolin-deposits,  Eng.  and  Min.  Jour., 
LVn.p.  43G,  1894. 

2.  Ries,  n.,  The  Clays  of  Florida,  U.  S.  Geol.  Siirv.,  17th  Ann.  Rept., 
Pt.  Ill,  p.  871,  lS9fi. 

3.  Ries,  H.,  Sec  Florida,  I'.S.  Geol.  i^urv.,  Prof.  Pap.  U.  p.  fil,  IWXV 


'  See  Reference  2  tjclow. 
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Analtbbs  of  Florida  Clatb 


Sihca  (SiOv) 

Alumina  (AljOj) 

Kerric  oxide  (FejOa). . . 

Lime  (CaO) 

.Magnesia  (MgO) 

Alkalies  (Na.A),K^).  . , 

AVatcr  (HjO) 

Carbon  dioxide  (COa).  . 
Sulphur  trioxide  (SO)). 

Total 


I. 


35.95 
13.23 

1.27 
15.00 

5.40 


10.55 

18.50 


99.90 


II. 


30.83 
15.40 

1.40 
13.78 

7.50 
undet. 

7.16 
20.14 


96.21 


III. 

IV. 

46.11 
39.5 
.35 

45.39 

39.19 

.45 

■51 

.13 

.29 
83 

13.78 

14.01 

.07 

99.94 


100.67 


T.  Cnlcarcon."  clay,  l«t>u  County,  H,  Ri<».  anal. 
TI.  I'^lcarpous  cliiy.  ne&r  Jacknon  BlufT  nu  Ocklocknee  Hi\-«r,  H.  lUes, 

III,  Wo.'ihefi  cUyfrom  PalatLikaha  River. 

IV.  Wa.-(he<J  clay  from  Edgar.  C.  Langenbeck.  saal. 
I-IV  from  U.  S.  Geol.  Surv.,  Prof.  Pap.  11,  p.  83. 

Georgia 

This  State  is  divisible  geologically  into  three  areas,  namely:  (1)  A 
northwestern  area,  underlain  by  shales,  limestones,  and  sandstones  (rf 
Palteozoic  age;  (2)  a  broad  central  belt  of  pre-Cambrian  rocks,  such 
as  granites  and  gneisses;  (3)  a  southeastern  belt,  in  the  coastal  plain 
region  composcrl  of  unconsolidated  sedimentary  rocks  of  Cretaceous, 
Tertiary,  and  IMeistocene  age. 

Palseozoic  Area 

This  belt  includes  the  counties  of  Polk,  Floyd,  Bartow,  Gordon,  Mur^ 
ray,  Whitfield,  Catoosa,  Chattooga,  Walker,  and  Dade,  and  while  the 
rocks  in  this  area  range  from  Cambrian  to  Carboniferous  inclusive,  the 
residual  days  derived  from  them  are  all  somewhat  similar.  The  shales 
are  often  ealcaromis,  witli  the  exception  of  the  Carboniferous  ones.  The 
residual  olay-dcposits,  which  are  chiefly  adapted  to  common-brick  man- 
ufacture, are  often  of  considerable  extent,  and  generally  ferruginous 
character,  but  here  and  there  contain  pockets  of  white  clay  which  may 
be  suitable  for  fire-l.)rick;  those  derived  from  the  limestones  oft«D  con- 
tain cherty  nodul(?s. 

Pre-Cambrian  Belt 

This  covers  an  area  of  aljout  12,(KX)  square  miles,  and  consists  of 
granites,,  gnei-;sos.  schists,  marbles,  and  in  jilaces  pegmatite  veins,  of 
which  the  la.-^t  should  afford  kaolin.  Residual  clays  are  abundaot 
tlimughnut  tiie  region,  and  tlie  wash  from  them  may  form  secondary 
deposits  in  t!io  valleys. 
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Coastal  Plain  Region 

This  regioD  includes  that  portion  of  the  State  lying  to  the  southeast 
af  a  line  drawa  through  Augusta,  Macon,  and  Columbus,  and  coinciding 
ippn)xitnately  with  the  fall  line  (Fig.  50). 

Witliin  this  area  tlie  formations  range  from  Cretaceous  to  Pleistocene 
and  rarry  many  clay-deposits  of  variable  eharafter.  ranging  from  easily 
fusible  ferruginous  clays  to  snowy  while  ones  (PI.  XXV,  Fig.  2)   of 

tlugh  refractoriness.     The  form  of  most  of  these  is  rather  irregular  (a 
characteristic  of  most  coastal   plain  clays),  the  majority  being  lens 
shaped,  and  surrounded  by  sand  or  sandy  clay. 
Of  the  several  formations,  the  Cretaceous  has  the  smallest  surface 
brea,  forming  a  triangle,  the  base  of  which  is  on  the  Chattahnochee 
River,  the  apex  at  Macon,  and  the  northwest  side  agreeing  with  the 
fall  line.     Nevertheless,  this  area  includes,  so  far  as  known,  the  most 
important  clays  found  in  Georgia.    The  Cretaceous  shows  a  section  of 
about  1640  feet  of  southeasterly  dipping  beds,  which  are  well  exposed 
^  along  tlio  ChattahtHJchee  River  below  Columbus;  and  other  go(xI  expo- 
^■vures  occur  along  the  Georgia  Centra)  Ratlrnad,  between  Columbus  and 
^^W;icon,  but  the  best  clays  are  found  in  jhe  region  around  Griswoldville, 
1      nb.iut   10  miles  east  of  Macon.     In  this  last  area,  which  includes  the 
^■simthern  half  of  Jones  and  Baldwin  couhties  and  the  northern  half  of 
^Twiggs  ami  Wilkinson,  the  clays  are  6  to  10  feet  thick,  often  white  in 
color,  free  fmm  grit,  and  with  a  soapy  feel,  due  to  the  presence  of  many 
[muscovitc  scales  of  microscopic  size.    Other  exposures  occur  in   the 
[%'icinity  of  Lewi.sNin.  Oonlon,   Mclntyre,   Augusta,    Rutler,  etc.     The 
Ifollowing  section  given  by  Ladd  from  Lewistou  is  fairly  tj-pical  of  their 
(occurrence: 

feet. 

1.  Red  aod  yellow  clayey  sand,  with  seams  of  laminated  clay;  also  thin 
«eam«  of  limonito  with  coarae  pebbles q 

2.  Irregular  fiiliecoiift  hedn  resembling  quartxite,  and  containiog  dnisy 
(piuriK  cuvitic'M  aud  nmiiv  fragments  uf  shells 4 

3.  WhiU;  Himd,  free  from  tnm  stain,  at  tiniea  rross-bedded,  and  contain- 
ine  mica  and  white  clay 7 

4.  White  clay,  free  from  grit 7 

a.  White  sand  at  bottom 2 

The  following  analyses  and  tests,  taken  from  the  reports  of  Ladd 
nd  Spencer,*  represent  the  character  of  some  of  the  Georgia  materials. 

'  See  references  at  end  of  Georgia. 
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No. 

Locality. 

Geo<D4p«ftl  Aties, 

Uw. 

I. 

11. 

111. 

Silurian 

OnsUirmulH  Kcrien.  ... 

Not  worked. 

IV. 

V. 

Fire-brick,    pottery 
and  KWer-pipe. 

VI. 

References  on  Georgia  Clays 

1.  Ladd,  O.  E.,  Preliminarj'  Report  on  Clays  of  Georgia,  Ga.  Geol.^ 
Surv.,  Bull.  6A,  204  pp.,  1898. 

2.  Ladd,  G.  E. ,  Notes  on  the  Cretaceous  and  Asaociated  Clays  of 
Middle  Georgia,  Amer.  Geol.,  XXIII,  p.  240,  1H99. 

3.  Spencer,  J.  W.,  The   Palaeozoic  Group,  Ga.  Geol.  Surv.,  1S93, 
p.  276. 

4.  See  also  U.  S.  Geol.  Surv.,  GeoL  Atlas  Folios  relating  to  Georgia. 


Illinois 


■         The  clay  materials  of  tliis  State  arc  obtainable  from  the  Ordovician, 
I   tlie  coal-measures,  and  the  drift. 
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Ordovician 


So  far  as  known  this  is  of  little  importance,  but  the  Cincinnati  shales, 
outcropping  in  Daviess  and  Boone  counties,  may  prove  of  value  for 
the  manufacture  of  brick,  hollow  brick,  and  perhaps  earthenware,  since 
the  same  material  has  been  successfully  used  in  Iowa,  and  tested  with 
good  results  in  Wisconsin. 

Coal-measures 

These  underlie  a  large  area  in  central,  eastern,  and  southern  HHncns, 
within  a  line  passing  from  Hampton  in  Hock  Island  County,  to  the 
junction  of  the  Kankakee  and  Iroquois  rivers,  thence  southwud  to 
near  Chatsworth  in  Livingston  County  and  eastward  to  tne  Indiana 
boundary. 

The  coal-measures  consist  of  a  series  of  coal-beds,  shales,  sandstones, 
and  clays,  those  underlying  the  coal  being  sometimes  of  a  refractoiy 
character.  Owing  to  the  nearly  horizontal  position  of  the  beds,  mining 
IS  usually  carried  on  by  shaft,  although  at  several  localities,  as  Galesburg, 
etc.,  great  outcrops  of  shale  occur. 

Unfortunately,  the  published  information  regarding  these  Carbonifer- 
ous clays  and  shales  is  not  of  recent  character,  although  they  form  the 
basis  of  an  active  cluy-working  industry,  and  are  much  used  for  paving- 
brick  around  Galesburg,  III.  A  number  of  localities  are  mentioned  by 
Worthen  in  the  old  report  of  the  Geological  Survey  of  Illinois  (see  below) 

Tertiary  Clays 

In  Pulaski  and  Alexander  counties  the  Tertiary  ccHitains  beds  of 
potter>^-clay,  as  at  Mound  City  on  the  Ohio  River  and  near  Santa  E4. 

Drift-clays 

These  form  a  most  abundant  Fourcc  of  brick-  and  tile-clayis  in  many 
parts  of  the  State.  Around  Chicago  these  clays  are  lake-deposits  of 
consideraljle  extent,  but  they  are  liigiily  calcareous  and  often  pebbly. 
They  form  tlie  basis  of  a  large  local  brick  industry,  and  the  smootber 
ones  have  l)een  utied  for  Urain-tile  and  even  roofing-tiles.  In  other 
parts  of  the  State  tlie  clays  are  found  cither  in  the  glacial  drift  or  under- 
lying terraces  along  the  broader  rivers,  especially  the  Illinois. 

The  sandy  lf>css-('I:iy  is  much  used  at  many  points. 


Fio.  l.--CarboniferoiiH  ulinle  u»e<i  for  paviiiK-hrirk.     Oalmliiirs    111.     Tlic  eKcttvHt- 
inK  w  done  with  a  i^teani-iihovel.     (fhrito  luancil  Uy  IK.  Ceol.  Surv.) 
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References  on  Illinois  Clays 

1.  Leverc'tt,  V.,  Tiic  Illinois  Gliicial  Lube,  V.  S.  Geol.  Surv.,  Mon. 
XXXVU.     Describes  distribution  of  drift,  but  is  not  a  paper  of  eco-^ 
numic  churucter.  ^ 

2.  Worthen.  A.  H.,  Reports  on  Economic  Geology  of  llUuois,  lU. 

<ieo\.  Surv.,  I.  II,  HI, 

Indiana 


The  Ordovician,  Silurian,  Devonian,  and  Carboniferous  contain  ex- 
tensive shale-deposits,  but  only  the  last  have  thus  far  proven  of  com- 


mercial value. 


Ordovician 


4 


The  Ordoviriun  rocks  outcrop  only  in  the  southeast  corner  of  the 
S  ate.  and  there  nre  often  covered  by  a  thin  drift  layer.  The  only  sliales 
are  the  Hudson  Uiver,  hut  these  &n^  tou  calcareous  to  use,  and  of  no 
value  even  wlien  weathered. 

Silurian  ^ 

The  beds  of  this  age  underlie  a  large  area  in  eastern  and  northcen- 
tral  Indiana,  but  carry  few  shales,  and  these  are  of  no  value. 


Devonian 


4 


The  Devonian  beds  underlie  a  great  area,  extending  northwest  and 
southeast  tluijugh  central  part  of  State,  but  offer  Uttle  promise  to  the 
clay-worker,  as  they  are  usually  too  bituminous. 

Mississippian  or  Lower  Carboniferous 

The  rocks  of  this  age  afford  residual  clays  and  shales. 

Residual  clays. — Since  a  large  part  of  the  Mississippian  area  occurs 
in  the  driftless  region,  the  residual  clays  derived  from  underlying  lime- 
stone and  sjindslones  are  available,  and  occur  at  many  points  in  Monroe, 
Ijiwreuce,  Orange,  Iiarris<:jn,  and  Floyd  counties,  as  well  as  part*  of  the 
adjoining  ones,  so  that  they  form  the  most  important  source  of  the 
brick-  and  tilt>clay8  worked  in  these  counties. 

Shales. — Those  of  the  Knobstone  formation  (Fig.  51)  are  important 
and  destined  to  become  prominent  in  the  future,  although  they  have 
been  n^lectcd  in  the  past.  Indeed  they  arc  next  to  the  coal-nieasurc 
shales,  the  most  important  in  the  State.  According  to  Blatt-hley  (Ref. 
3)  tlie  Knobstone  shale  f<inns  the  surface-rock  of  a  strip  of  territory  3 
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38  miles  wide  on  the  eastern  side  of  the  Lower  Carboniferous  area, 
ending  from  the  Ohio  River  southwest  of  New  Albany  in  a  west  oC 
srth  direction  to  a  point  a  few  miles  south  of  Kenssclacr,  Jasper  County. 
\VhiI«  the  formation  is  often  covered  by  a  heavy  mantle  of  drift, 
many  excellent  exposures  have  been  formed  by  the  cutting  of  the  larger 
streams,  as  along  the  West  White  Hiver  near  Martinsville;  along  Sugar 
Creek,  above  and  below  Crawford viile.  and  along  Shawnee  Creek  south 
of  Attica.  Many  additional  outcrops  have  been  found  in  other  counties 
within  the  Ijclt  occupied  by  these  shales. 

The  Knobsti>nc  formation  consists  of  blue-gray  shales,  shaly  sand- 
anes,  and  sandstones,  with  rarciy  a  little  limestone.    Nodules  of  aider- 
it©  are  not  uncommon. 

These  shales  are  utilized  at  New  Albany  for  stiff-nnud  and  dry-preea 
rick;  it  is  also  possible  that  they  could  be  used  for  sewer-pipe  when 
Imixed  with  some  of  the  Carboniferous  uudor-clays. 


Carboniferous 

The  rocks  of  this  period  carry  the  most  valuable  clay-<iepo8it8  of  the 
3tate,  and  cover  an  area  of  alxnit  7500  square  miles  in  H  counties  of 
^•e5tem  and  southwestern  ItifUana  (Kig.  51). 

They  form  part  of  a  large  basin,  underlying  western  and  southwestern 

Indiana  and  southeni  Illinois,  so  that  those  in  Indiana  arc  on  the  eastern 

(dge,  and  therefore  dip  sftuthwestward  and  westward.    This  Iwing  so, 

the  lowest  rocks  of  the  section  outcrop  on  the  eastern  and  northeastern 

ige  of  the  area,  wliile  the  liigher  lying  ones  outcrop  farther  westward. 

The  Carboniferous  rocks  consist  of  a  lower  member,  the  Mansfield 
sndstone,  and  an  up|)er  member,  the  coal-measures. 

Kaolin  or  indianaite. — At  the  base  of  the  MansBeld  sandstone  there 

a  thin  seam  of  coal,  which  is  replaced  at  a  number  <if  localities  in 
l^awrence,  Martin,  and  Owen  counties  by  a  bed  of  kaolin  called  indiana- 
ite. 

Professor  Blatchley  states  that  "Wherever  this  kaolin  is  found  it  is 
ftlways  at  the  horizon  of  coal  I.  The  coal  and  kaolin  are  never  found 
It  the  same  place,  though  often  they  occur  but  short  distances  apart. 
It  Huron,  Lawrence  County,  where  the  l)e«t-known  deposit  is  located, 
the  kaolin  lies  in  a  horizontal  stratum  4  to  11  ft*tt  in  thickness,  wliich  is 
vvcrlain  by  a  sandstone,  and  in  places  contains  a  light-green  mineral 
kmiwn  as  allophane.  The  ni)per  Iialf  of  the  kaolin  stratum  is  chiefly 
f">ruposed  of  inussive  smnv-whit*  clay  associated  with  wliidi,  near  its 
tinp?r  part,  are  occasional  concretionary  masaes,  some  of  (hem  a  foot 
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or  more  in  diameter.    These  disintegrate  on  exposure  to  air,  but  the 
kaolin  is  non-plastic. 

"An  analysis  of  the  kaolin  showed: 

SUica  (SiOs) 44.75 

Alumina  (AI2O3) 38.69 

Water  (H2O) 15. 17 

Ferric  oxide  (FczOa) 95 

Lime  (CaO) 37 

Magnesia  (MgO) 30 

Potash  (K2O) 12 

Soda  (NazO) 23 

100.58 

"While  of  high  purity,  this  clay  is  not  now  used,  although  at  one  time 
it  was  made  into  alum  sulphate  for  sizing-paper." 

There  has  been  much  discussion  regarding  the  origin  of  this  kaolin, 
and  while  two  theories  have  been  advanced  to  explain  its  formation, 
both  acknowledge  its  residual  character,  and  that  of  the  inclosing  rocks, 
as  sedimentary. 

E.  T.  Cox  *  argued  that  the  kaolin  occupied  the  position  of  a  lime- 
stone bed,  and  that  carbonated  waters,  acting  on  the  latter,  replaced  the 
limestone  with  kaolinite.  Thompson^  seconded  this  theorj',  but  added 
the  belief  that  the  surface-water  had  leached  the  alumina  and  silica 
from  the  overlying  sandstones. 

Lcsquereaux,  on  the  other  hand ,  believed  that  the  kaolin  was  formed 
by  the  burning-out  of  coal-beds,  a  view  in  which  Ashley  concurred. 

Although  the  author  is  not  personally  acquainted  with  the  region,  it 
seems  to  him  that  there  are  certain  marked  objections  to  the  latter 
theorj'.  The  burning-out  of  the  coal  would  probably  produce  sufficient 
heat  to  cause  some  dehydration  of  the  kaolin,  whereas  there  is  no  evidence 
of  this.  In  just  what  way  the  kaolin  resembles  baked  fire-clay  is  not 
mentioned. 

It  is  not  necessary  to  suppose  any  complex  chemical  reactions  in 
order  to  derive  kaolin  from  limestone.  A  calcareous  rock,  containing 
aluminous  matter  very  low  in  impurities,  might  easily  yield  a  mass  of 
kaolin  by  simple  leaching,  and  residual  limestone  clays  of  rather  high 
purity  are  known  in  Missouri  and  also  Virginia. 

'  Sixth  Ann.  Rep.  Geol.  Siirv.  of  Ind.,  1874,  p.  15. 

'  Ind.  Dept.  Geol.  and  Nat.  Hist.,  loth  Ann.  Rep.,  p.  37,  18S6. 


DISTRIBUTION  OF  CLAY  IX  THE  UNITED  STATES 


Coal-measure  clays  and  shales. — The  Coat-measures  incluc 
series  of  coals,  clays,  shales,  and  sandstones  (Kig.  52),  and  are  foui 
a  number  of  counties  in  the  southwestern  part  of  the  State  (Fig.  51 

Ashley*  has  divided  Ihem  vertically  into  eight  divisions  design 
by  Roman  numerals,  these  divisions  being  based  on  the  position  of  i 
principal  coul-heds  or  horizons,  the  ti.'pe  section  occurring  in  Clay 
Vigo  counties.  The  Mansfield  sandstone  found  in  general  alon^  the  • 
em  edge  of  t he  coal-field  forms  division  I,  and  the  main-worked  c 
clays,  and  shales  occur  above  it  stratigraphically. 


SMUDD  xcw  am  MUw.  SMt  oroooj  aioir 


1.  Bull  mhI  WffMca  i7t«)r„.  lU  U 

t.  Pouon'cUr. A  • 

a.  omi  VI, .  1  I 

I.  t'odar-dajr ....t  0 

b.  lufCa«t  Kill  and  olBjr t  0 

S.  anvcl  and  tMfil|)aA.„H  • 

T.  CwfcKi'l*/. •  • 

tL  Orar  *odx  Btnle. ta  « 

I,  On»y  intlrtomo...  .— .M  * 

10.  Oi»J  V> 1  fl 

11,  Codar-cliv •  « 

U,  l>T«b  «l«j«r  (liAlA U  4 

U.  CDftJ  V t  0 

U.  UwI«r^il*]r..___.....U  T 

11  OMLtlV. t  • 

tt  U»<taP«Ujf H  0 


Fio.  62. — Section  near  Glen  Mine,  Coal  Bluft,  Tnd.,  ehowing  oaBDCtatioa  of 
under-ctayii,  etc.  (After  Blatrhley,  Iiid.  Dept.  Geol.  and  Nat.  Res., 
Ann.  RopL.p.  183,  1005.) 

A  part  of  a  typical  vertical  section  showing  the  arrangement  o 
different  strata  of  the  r'nal-meiisurcs  and  their  relation  to  each 
is  given  by  Blatehley  (Uif.  3)  as  follows: 

pMt.  lochm. 

1.  Soil-  End  Nurfacc-clay A  2 

2.  SandnUinD,  mflaaivi*  or  shelly 2  8 

3.  Blue  rompact  shale. 27  0 

•i.  CoaI^^I 4      10 

R.  Finscl&y ft  2 


*  Ind.  iJept.  Gcol.  and  Nat.  Res.,  2;td.  Ann.  Kept..  1809. 
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Feet.  Inehee. 

6.  Drab  siliceous  shale •  IS  0 

7.  Limestone 3  S 

8.  Black  bituminous  shale 2  4 

9.  Coal  VI& 8 

10.  Fire-clay 5  6 

11.  Sandstone 13  0 

12.  Dark-gray  shale 11  2 

13.  Coal  VI 6  3 

14.  Hard  impure  bluish  fire-clay 11  0 

15.  Sandstone 21  0 

16.  Blue  limestone 11  0 

17.  Black  slaty  bituminous  shale 5  4 

18.  Coal  V 5  2 

19.  Fire-clay 4  8 

The  fire-clays  (Nos.  5, 10, 14,  and  19)  are  almost  universal  accompani- 
ments of  the  overlying  coal-seams.  They  are  usually  one  to  six  feet 
thick,  and  are  a  soft  homogeneous  clay,  whitish  or  gray  in  color,  highly 
plastic,  and  often  of  excellent  refractoriness.  At  times,  however,  these 
under-clays  are  composed  of  a  hard,  bluish,  siliceous  clay  with  more  or 
less  pyrite  and  other  impurities. 

No.  14  is  of  this  character,  and  similar  clays  usually  occur  beneath 
coals  III  and  V,  but  those  below  coals  II,  XV,  Yl,  and  VIII  are  often 
of  excellent  quality. 

The  blue,  gray,  and  drab  shales  (Nos.  3,  6,  and  12)  make  up  the 
greater  part  of  the  Coal-measure  rocks  of  Indiana,  and  include  the  most 
valuable  clayKlcposits  found  in  the  State.  When  freshly  exposed  they 
are  usually  hard,  but  weather  down  easily  to  a  plastic  clay. 

The  relations  of  the  shales,  clays,  and  coal  are  such  that  the  three 
can  often  be  mined  by  one  shaft. 

The  coal-measure  clays  and  shales  are  worked  for  a  variety  of  purposes, 
including  pressed  and  paving  brick,  fireproofing,  sewer-pipe,  stoneware 
and  fire-brick. 

At  Brazil,  Clay  County,  which  is  a  most  important  clay-working  center, 
the  following  section  is  instructive. 

Feet.  Inches. 

1.  Soil  and  yellow  clay 12  0 

2.  Bowlder  clay,  blue 7  0 

3.  Cray  clayey  shale 33  0 

4.  Coal  V 2  3 

5.  T'nder-clay  (potters'  clay) 3  2 

6.  Blue  clayey  shale 19  0 

7.  Bituminous  fossil  shale 1  6 

8.  Coal  IV 3  6 

9.  I'nder-chiy 5  4 
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No.  n  and  an  overlying  shale  are  used  for  sewer-pipo,  flite-liiiitigs, 
wall -TO  ping,  etc.     No.  3  is  also  used  for  a  variety  of  purposes. 

The  lx»si  deposits  of  unworkod  slinles  and  clays  for  niakinu  vitrified 
bricks  lie  just  easl  of  Mecca,  Parke  Cminty:  west  of  Moutuzitma,  I'arke 
County;  west  of  Terra  Haute,  and  near  Riley.  Vigo  County. 


Pleistoceoe  Clays 

I  These  are  soft,  plastic  clays,  fouml  at  the  surface  or  at  no  great 
distance  lielow  it.  and.  while  occurrinji!;  over  a  larjje  pari  of  ihe.^tato.  lliey 
arc  especially  important  in  the  northwestern  part  of  Indiana,  and  on 
tliis  acrouut  have  been  made  the  subject  of  a  special  report.     (Kef.  1.) 

In  this  repion  thrw  classes  arc  distintruishable.  namely.  drifr-<*lHys 
or  "hanl-pan.H."  alluvial  rUiys,  and  silly  or  nearly  days. 

The  drift-chiys  are  the  most  common  type,  forminj:  a  lar^c  percentage 
of  the  unstratifie<l  morainic  material,  but  they  are  usually  too  impure 
»iid  calcareous  fur  inakint;  unylhin'^  but  common  brick  and  [ilc. 

The  alluvial  clays  form  larpcr  deposits  along  the  lowlamis  and  second 
bottoms  of  the  larpe  streams  of  northwestern  Indiana.  Iiavinp  l)een  fornteii 
durin*;  i>cri<Mls  of  ov<'rflow.  and  in  some  places  slmwins  a  tliirknc-'S  of 
30  to  1)0  feet. 

The  sitty  or  marly  clays  resemble  those  of  the  preceding  class  very 
closely,  but  ditTer  in  having;  been  dcpo.<ited  in  bays,  take-*^,  or  harlx)r8 
in  quiet  water.  These  clays  are  usually  finer  grained  than  the  alluvial 
ones,  thinly  laniinaleil.  ami  oft4Mi  highly  calcareous,  so  that  thev  priKluce 
a  buff  pro<luct.  They  arc  an  imptirtanl  source  <if  brick  and  tile  material 
in  B«?nion.  Newton.  Jasper,  Starke,  Lake,  l*orter.  Laporle.and  St.  Joseph 

Immties. 
In  other  parts  of  the  State  there  are  many  scatteretl  deposits  vt 
llrface-4'lays  us<vl  for  l)rick  and  tile,  while  .Houth  of  the  terminal  moraine 
1   southwestern    Indiaiui   there  are  many  deposits  nf  loess  which  are 
vailable  for  the  mane  purpusj-. 

The  aiutlysea  on  j>age  314  are  f^iven  by  HIalchley  (\i(*t.  3)  as  repre- 
ntJktivc  of  the  different  tvfies  of  IntJiana  riays  and  shales. 


References  on  Indiana  Clays 

1.  BItttchley.   W.   S..  Clays  aial   t'lay    Industries  of   Northwestern 
iiana.  Kept,  of  Imliana  State  Oe^ilogist  for  1897.  p.  106. 

2.  Klatrhley.  \V.  S..  Preliminary  Kcpnrt  on  the  Clays  ami  Clay  In- 
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dustrics  of  the  Coal-bearing  Counties  of  Indiiina.  Iriii.   IVpt.  of  Gw< 
jukI  Xnt.  Rps.,  20(li  Ann.  Kept.,  p.  23,  1S96. 

3.  Blatchlev,  \\\  S.,  The  t'layri  und  Clay  Industries  (if  ludiaiui.  h 
Dt'pt.  (leol.  and  Xul.  lies..  29tli  Ann.  Kept.,  pp.  i:i  (^S.  1904. 

4.  See  also  scattered  references  in  the  other  annual  reports  of 
survey. 
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Mecca,  Mecai  Coal  and  Mining  Company. 

•  •  •  •         > I       •  t         1  •  It 

Cayiiga,  Cayu^  Brick  and  Coal  Company 
Mecca.  Mecca  Loal  and  .Mining  Connt>:iny. 
Cayuea,  Oayu«a  Brick  and  CoaJ  Company 

\V.  .\{ont«zunia.  Bums  A  Kuncock 

Huntingburg,  Bockiing  Bros , . . 

Huntingburg.  C.  Fuc^ 

Blue  Lick 

New  Albany.  ,  , 

Martinsville,  Branch  &  Sons 

Tem)  Haute 

Princeton. 

Four  miles  nuth  of  Bloorofngton 

Hohftrt , ,., 

Mit^-bigan , 

Indiflnaite,  (Inron,  Dr.  Gardner 
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Carl>oniferou«  shale 


Coal-ine«ufitre8  under-clay 


KnolMtonc  abalo 


.Alluvial 
.'^llrface  Loess 
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Indian  Territory  * 

The  greater  part  of  the  Chemkee  ami  Creek  nations  and  the  northern 
part  of  the  Choctaw  nation  rontains  extensive  deposits  of  clays  of  I'enn- 
Bvlvanian  age.  which  are  ven'  niniilar  to  the  brick-  and  tile-claya  of  south- 

aaterri  Kansas,  nntl  the  presence  of  gas  in  that  region  will  warrant  tlie 
ievelnpnient  of  extensive  industries.     In  the  western  part  of  the  Cliicka- 

aw  nation  the  country  is  underlain  with  red  clay  of  the  Permian  red 


'  From  note  supplied  by  Professor  C.  N.  Gould. 
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beds,  the  same  as  that  found  in  Oklahoma,  while  in  the  southern  part 
the  Choctaw  and  Chickasaw  nations  the  clay  is  of  Lower  Cretaceous  &p^ 
similar  to  that  in  central  Texas. 

Frobably  the  best  clay  in  Indian  Territor>'  so  far  discovered  is  fi 
the  formation  known  as  Sylvan  Shale  of  Silurian  age,  which  oul«; 
in  various  places  in  the  Arbuckle  Mountains  in  the  eastern  part  of  Ui 
Chickasaw  nation.  A  company  U  now  engaged  in  developing  the  clai 
products  at  Oolite,  where  plants  are  being  erected  for  the  manufactui 
of  brick,  tilCf  sewer-pipe,  ^reproofing,  and  cement. 

Iowa 

Every  great  pock  formation  of  Iowa,  except  one,  the  Sioux  quartrii 
contains  more  or  less  important  day- or  shale-deposits,  but  thediflerei 
ones  represent  a  wide  range  of  structural  characters  and  physical  i 
chemical  properties,  these  variations  occurring  sometimes  within  tl 
same  formation. 

Cambrian 

Saint  Croix  sandstone. — This  carries  a  few  sbatc-beds  which  outcn 
in  portions  of  AllaiiMikpe  and  Clayton  counties,  but  nothing  is  knon 
regarding  their  economic  value. 

Ordovician 

Galena-Trenton.— AlthoTigh  essentially  a  limestone  formation,  t 
nevertheless  contains  a  few  beds  of  shale,  which  may  be  aduptuble 
pottery  manufacture.      The  best  exposure  is  on  Silver  Creek.  Halu 
township,  Allamakee  County.    Concretions  and  fossils  are  apt  to  rei 
this  shale  worthless. 

Maquoketa  shale.^This,  the  oldest  shale  formation  of  importan 
in  the  State,  forms  a  narrow,  sinuous  bund  from  Jackson  County  oo 
the  south  to  Winneshiek  and  Howard  counties.  The  shale  is  divisibfc 
into  two  groups,  the  upper  con-sisting  of  a  plastic  clay,  with  occasional 
limestone  layers,  while  the  lower  is  of  lean  fissile  shales,  with  some  earthy, 
fosfiiliicrous  beds.  They  are  mostly  red-burning,  but  niay  at  limw 
be  quite  calcareous,  and  though  their  chief  use  is  for  common  brirlc. 
they  have  also  given  excellent  results  for  earthenware  manufacture 
and  hollow  brick. 

Silurian 


The  beds  of  this  system  are  practically  devoid  of  shale-depoeit 
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Devonian 

The  lower  argillaceous  beds,  known  as  the  Independeno 
outcrop  in  limited  measure  in  Cedar,  Linn,  and  Buchanan  countio^l 
are  of  no  economic  importance. 

The  upper  shales,  which  are  typically  developed  along  TJmt  < 
in  Cerro  Gordo  and  Floyd  counties,  and  at  Rockford  and  MaaoB 
are  of  much  greater  value.    Owing  to  a  variable  lime-content  thai 
burn  either  light  red  or  cream,  but  in  either  case  have  yielded  good  l 
in  the  manufacture  of  common  and  hollow  brick  and  dirain-UlB^  ^ 
shales  are  too  fusible  to  take  a  salt-glaze. 

Carboniferous 

Practically  all  of  the  great  formations  of  the  Carboniferous  cooilii 
clays  of  importance,  but  those  of  the  Kinderhook  and  Coal-meaauza  an 
especially  important.  According  to  Beyer  and  Williams,  *'  Rocks  refenbfe 
to  the  Carboniferous  comprise  the  indurated  rocks  over  nearly  one  half 
of  the  surface  of  the  State.  The  system  may  be  divided  into  two  parts: 
(1)  the  Lower  Carboniferous  beds,  which  are  prevailingly  calcareous  io 
character,  and  (2)  the  Upper  Carboniferous,  in  which  arenaceous  and 
argilluccnus  deposits  predominate,  with  important  limestone  bands  in 
tlie  upper  portion.  TJic  hitter  division  contains  all  of  the  workable  coal 
in  the  State.  On  account  of  the  abundance  of  raw  material  suitable 
for  the  manufacture  of  clay  wares  and  cheap  fuel,  the  Upper  Carbon- 
iferous or  Coal-nieasure.s  constitute  the  most  important  formation  to 
the  clay-worker  in  the  State. 

''The  I-ower  Carboniferous  comprises  a  belt  averaging  from  thirty 
to  forty  miles  in  widtli,  and  extending  diagonally  across  the  State  fn«n 
Kossuth  and  Winnebago  counties  on  the  north  to  Des  Moines  and  Lee 
counties  on  the  south.  Narrow  strips  have  been  laid  bare  by  the  kiwer 
courses  of  the  Skunk  and  Des  Moines  rivers,  and  unimportant  detached 
areas  a]ipear  in  Story  and  Webster  cpunties.  Three  stages  represent 
the  Lower  Carboniferous  in  Iowa,  namely,  the  Kinderhook,  Augusta, 
and  Saint  Louis." 

Kinderhook. — The  shales  of  this  formation  are  specially  prominent 
in  Des  Moines  and  Lee  counties;  they  are  red-or  brown-burning  and  used 
for  conmion  brick. 

Augusta. — Those  shales  are  of  little  importance  except  in  Lee  County, 
and  even  there  arc  rather  calcareous. 


I'lO.   1. — Carboniferous  sbate  lor  paviiig-bloi:k.s  near  VeedersLurg,  lud.      (After 
filaLcLky.  20th  Ann.  licp.,  lad.  Depl.  rieul.  uhd  Nui.  Jie».,  p.  60.) 


I  Fig.  2.— CreUfuoue  simlc,  Sioux  City.  la. 
XIV,  p.  fil8,  ItilM  J 


lis,  Jo.  (jti'I.  Siirv., 
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The  rocks  of  this  age  cover  nearly  one  third  of  the  State  and  cany 
a  great  range  of  argillaceous  beds  grouped  as  (1)  argillaceous,  (2)  arena- 
ceous, (3)  carbonaceous  or  Ijituniinous,  and  (4)  calcareous  varieties. 
These  grade  into  each  other  l)orh  verticftlly  and  horizontally.  Although 
the  coal-measures  are  present  in  ninety-nine  counties  of  the  State,  the 
clay-shales  are  utilized  for  making  clay-products  in  but  sixteen.  The 
argillaceous  shales  are  often  found  underlying  the  coal-seams,  and 
are  not  uncommonly  of  refractory  character,  but  the  calcareous  <»nes 
contain  too  much  limey  matter  to  be  of  great  value.  Those  beds 
of  the  Coal-measures  prominent  along  the  Des  Moines  River  contain 
argillaceous,  bituminous,  and  arenaceous  shales,  while  in  the  beds 
most  prominent  along  the  Missouri  River  the  calcareous  members  are 
more  prominent. 

It  is  difficult  to  generalize  regarding  the  clays  of  this  series,  but  at 
any  one  point  it  is  not  uncommon  tofind-se.vcr^l  grades  of  clay  ranging 
from  common  brick-clay  to  fire-clay  in  the  samp,  section.  The  shales  are 
worked  at  a  number  of  points,  among  which  Van  Meter,  Dallas  County; 
Des  Moines,  Polk  County;  Ottumwa,  Wapello  County;  and  Fort  Dodge, 
Wapello  County  may  be  mentioned.,  The  clays  are  worked  either  aa 
open  pits  or  undergound  mining  and  the  products  irtclude  common  and 
pressed  brick,  paving-brirk,  hollow  blocks,  drain-tile,  stoneware,  and 
fire-bricks.     Analyses  of  these  arc  given  on  a  later  page. 


Cretaceous 


4 


The  Cretaceous  of  Iowa  consist^s  of  a  lower  sandstone  and  shale 
series,  the  Dakota,  and  an  upper  series  of  interbedded  sandstones, 
shales,  and  marly  limestones.  These  rocks  cover  approximately  the  north- 
western third  of  the  State,  shale-beds  of  this  age  being  known  in  Sioux 
(Pl.XXVU,Fig.2);Plymouth,  WoodbuT}',  Sac, Calhoun, and  Montgomery 
count  tes. 

The  shales  show  about  the  same  textural  and  chemical  range  ae  the 
Carboniferous  ones,  but  on  the  whole  are  more  siliceous. 

At  Red  Oak.  Montgomery  County,  both  white  stoneware  and  fire-brick 
are  made,  uiul  it  has  been  suggested  that  washing  might  render  the 
clay  available  for  glass-pot  manufacture.  Other  products  from  these 
shales  are  paving  and  common  brick. 
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Pleistocene 


Covering  all  of  the  State,  with  the  exception  of  a  small  area  in  the 
northeastern  corner,  is  a  thick  mantle  of  glacial  deposits  which  ranee 
in  thickness  from  zero  up  to  three  or  four  hundred  feet.  The  glacial 
drift  is  composed  of  a  heterogeneous  mass  of  bowlder  beds,  gmvd,  and 
sand-deposits,  and  more  rarely  beds  of  clay,  which,  owing  to  a  natural 
washing  process  which  they  have  undei^one,  are  sufficiently  plastic  to 
be  molded  into  clay  wares.  They  often  suffer,  however,  from  the  pnaeDce 
of  lime  pebbles  or  stones,  and  even  if  free  from  these  are  still  unsatirfar- 
tory  because  of  their  high  shrinkage,  which  causes  a  loss  due  to  ehecldiig 
in  drying  and  burning.  A  few  of  the  drift-sheets,  however,  contain 
clays  of  satisfactory  character  for  brick  manufacture. 

Loess. — Associated  with  the  drift-sheets  and  of  far  greater  economic 
importance  are  the  massive  structureless  deposits  of  loess.  (PI.  XXVUl, 
Fig.  1.)  These  consist  of  clays  or  clay-ey  silts,  which  form  a  mantle  over 
about  two  thirds  of  the  area  of  the  State,  affording  an  inexhaustible 
supply  of  brick  material. 

This  occurs  beyond  the  borders  of  the  drift-sheets  and  even  over- 
lapping them.  It  covers  more  than  one  half  the  surface  of  the  State 
and  shows  great  irregularity  in  thickness,  being  over  one  hundred  foet 
thick  along  the  Slissouri  River.  It  affords  an  exhaustless  supply  erf 
material  suitable  for  the  manufacture  of  brick  by  the  soft-mud,  stiff- 
mud,  or  dry-press  process,  and  moreover  is  a  very  cheap  clay  to  work. 

Of  the  several  tyjies  of  loess  recognized  in  the  State,  the  "gumbo" 
is  notpwortliy.  This  is  a  thoroughly  oxidized  and  leached  red  clay  which 
on  drying  breaks  up  into  a  number  of  angular  fragments.  In  the 
southern  part  of  the  State  the  gumbo  is  gray  or  drab  in  color.  Its 
peculiarity  is  its  excessive  shrinkage  which  precludes  its  use  for  the 
manufiu.'ture  of  brick,  but  makes  it  admirably  adapted  to  the  manufacture 
of  Inirnt'd-chiy  ballast. 

The  cheinirnl  composition  of  a  number  of  representative  lowaclav's 
and  .shales  is  given  in  the  talilo  on  page  325. 

References  on  Iowa  Clays 

1.  licyer,  S.  W.,  Origin  and  Classification  of  Iowa  Clays,  Clay  Record. 
XX.  No.  3. 

2.  Beyer,  Wccms  and  Williams,  The  Clays  of  Iowa,  la.  Geol.  vSurv.. 
XIV.  10()4. 


Fig.  I. — LoeNA-lvank,  MuHrutine,  In.     (After  Williauw.  la.  deal.  Siirv.,  XIV,  l*MM.) 


Fxo.  2. — Bank  of  (Devoninn  1  «h«le  xuvnl  for  puvitig-brick.  Ciimlierland.  Md.     (After 
H.  Riw.  Md.  Geol.  Sun-.,  IV,  p.  454.  IQ02.) 
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3.  Youtz,  L.  A.,  Clays  of  the   Indianola  Brick,  Tile,  and  Pottery 
IWorks.  la.  Acad.  Sci.  Proc.,  Ill,  p.  40, 1896. 
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36  36 

24  84 


XIII. 


47.08 

41.45 

6.98 

4  49 


XIV. 


40.6! 

28.00 
4.62 

20.77 


XV. 


19,72 
40.29 
25.74 

14.  ^M 


XVI, 

39  90 
40.28 
19.82 


vn 


vni. 

IX. 
X. 

XI. 

XII. 
XIII. 
XIV. 

XV. 

XVI. 


Lcfcufity. 

FUnc  Brick  Co.,  Des  Moines 

Iowa  Brick  Co.,  Des  Muines  .... 

Flint  Brick  Co.,  Des  Muinee 

Capital  CityBrick  Co.  ,Dea  Moines 
J.  UoluiaD,  Sargent's  Bluff.  ... 

Corey  Pr.  Br.  Co..  Leh^ 

Granite  Br.  Co..  Caacadc 

Cream  City  B.  iT.  Co..  Uockford 
Boone  Br.  &  T.  Co.,  Boone 

Clermont. 

Storm  Lake 

Mason  Ci(v 

lidgewooicf. , 

Council  Bluffs 

Gladbrook -  - 


Cretaceous 

Coal-measures  1 

Kinderhook 

De\*onian 

Coal-meaaures 

Maquokcta 
Dri^t 
Devonian 
Mnquokcta 
Loess  (Mo.) 

Inland  Loose 


PB^ing-  and  building' 
Paving-brick.  buiUf 

hollow  ware.  l>oti 
Ditto,  top 
PavioK-brick;    gn»-M^ 

mixture 
Brick  and  tile 
Common,      face,     pa^iDS 

brick,  sidewalk  bnrk 
Pressed  face  brick  and 

mentals 
Common  and  paving  brid 
Brick  and  lile 
Paving,  hollow  ware, 

mon  brick 
Brick  and  tile 
Drain -tile 
Brick  and  tile 
Brick  and  lilc 
Soft-mud,    8tifT-mud,  iad 

pressed  bnck 
neeecd  brick 


Tb«ao  «D&h'a«9  are  All  from  ^'ol.  XIV,  la.  G««I.  Surv.,  uid  bave  been  kindly  nlacted 
npresetiTKtive  by  Prgfeeaor  I.  .\.  Williams. 


Kansas 


This  State  probably  contains  .<in  abundance  of  cla,vs  of  low  ami  modluia 
grade,  but  they  have  not  as  yer  Ijoen  systematicnlly  investigated.    Th 
formations  yielding  them  are  of  Carboniferous,  Permian,  Triaaiic, 
taceous,  Tertiary,  and  Pleistocene  age. 

Carboniferous 

The  Coal-measures  underlie  a  rutlier  extensi\^  area  in  eastern  Ki 
and  consist  of  alternating  strata  of  limestones,  shales,  and  sandstf 
with  occasional  coals.    These  Iwds  dip  gently  to  the  westward,  so  \\ 
any  one  bed  passes  under  the  overlying  ones  if  traced  in  that  direction. 

The  shales  of  this  scries  are  mostly  red-burning  and  at  diftcreD 
localities  have  been  found  adapted  tx>  the  manufacture  of  comma 
and  pressed  brick,  drain-tile,  vitrified  brick,  and  more  recently  even  fa 
roofing-tile  and  stoneware.  They  were  first  worked  at  Atchison 
1SS7,  but  since  then  factories  have  been  opened  up  at  Topeka.  Pittshur; 
Chanute,  CofTeeville,  etc.    Those  at  Cherryvale  are  found  immediate 
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Ixinderlying  the  Independence  limestone,  while  the  beds  worked  at  lola 
f  overlie  the  lola  limestoiic.     At  Liiwrcncc  the  beds  utilized  occupy  a 
position  nenr  the  middle  of  the  LawTence  shales  and  right  under  the 
iOread  limestone. 

The  coa!-measure  ehales  of  southeastern  Kansiis  are  ideally  located, 

cause  of  the  supply  of  natural-gas  fuel.      The  Permian  outcrops  to 

Uhe  west  of  the  coal-measurea  being  found  particularly  in  the  Flint  Hills 

area,  and  Haworth  states  that  the  shales  arc  purer  than  those  of  tlie 

r  cual-measures. 

Triassic 

These  occur  in  abundance,  as  at  near  Kingman,  and  Prosser  states 
I  that  they  have  l)een  used  for  paint. 


Cretaceous 

The  Dakota  shales  are  well  exposed  near  Salina,  Dickinson  County, 
t>ut  so  far  as  known  have  not  been  utilized  to  any  extent. 


Pleistocene 

The  surface-clays  are  widely  distributed  over  Kansas,  but  are  chiefly 
^important  in  the  eastern  portion.     The  ^unibo  clay,  dvig  in  many  of  the 
river  valleys  has  been  burned  in  large  quantities  for  railroad  ball:ist. 


h 


References  on  Kansas  Clays 


1.  Grimsley,  G.  P.,  Kansas  Mineral  Products,  Eleventh  Bien.  Rept., 
Kas.  Board  of  ARric,  1897-98,  p.  507.  189S. 

2.  Haworth,  E.,  Annual  Bulletins  on  Mineral  Resources  of  Kansas, 
issued  by  Univ.  Geol.  Survey,  as  follows:  1899,  p.  57;  19CKI  and  1901, 
p.  60;   1902,  p.  40;    1897.  p.  81;    1898,  p.  61. 

3.  Hay.  R.,  Geology  and  Mineral  Resources  of  Kansas.  Eight  Bien. 
tpt.,  State  Agric.  Boanl,  1891-92.  p.  54,  1S93. 

4.  Prosser,  C.  S.,  Clay-deposits  of  Kansas,  U.  S.  Geol.  Sur>'.,  Min. 
1.  for  1892,  p.  731.  1394. 

5.  Schroder,  F.  C,  and  Haworth,  E.,  Clay  Industries  of  the  ludepen- 
lence  District,  U.  S.  Geol.  Surv.,  Bull.  260,  p.  546,  1905. 
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Kentucky 


The  cla3rs  of  this  State,  like  those  of  many  others,  have  never  beea 
systematically  investigated,  although  the  former  Kentucky  Geological 
Survey  published  a  large  number  of  analyses.^  A  great  many  scattered 
notes  and  short  articles  are  also  found  in  the  various  reports,  from  which 
the  following  are  largely  taken. 

Within  the  State  there  are  found  a  series  of  geolc^ic  formationfl 
ranging  from  the  Ordovician  to  the  Pleistocene.  Some  of  these  con- 
tain deposits  of  soft,  plastic  clays  or  shales,  while  others  yield  clays  only 
as  a  result  of  surface-weathering.  A  section  across  the  State  from  east 
to  west  shows  that  the  formations  are  not  highly  tilted  aa  they  are 
farther  eastward,  but  that  they  are  rather  flat,  having  a  comparativdy 
gentle  dip,  so  that  in  any  one  area  where  two  formations  are  exposed 
the  older  of  the  two  may  have  been  laid  bare  as  the  result  of  erosion. 


Ordovidan-Devonian 

The  Ordovician,  Silurian,  and  Devonian  formations  occupy  a  some- 
what circular  area  in  central  and  north-central  Kentucky.  They  con- 
tain a  series  of  shales,  limestones,  and  sandstones,  the  first  of  which  are 
xisually  calcareous,  and  probably  of  little  value  except  for  common- 
brick  manufacture;  but  nearly  all  of  these  formations  yield  residual 
clays  which  are  mostly  of  low  lime-content  and  generally  high  in  iron. 
They  are  used  for  common-brick  manufacture,  and  those  at  Waco  are 
stated  to  be  of  value  for  pottery  2 

Carboniferous 

Lower  Carboniferous. — The  beds  of  this  ^e  are  found  in  both  the 
eastern  and  western  parts  of  the  State  and  include  several  deposits  of 
sliales  and  clays,  which  to  judge  from  the  published  analyses  are  of  low 
fusibility  and  of  red-burning  character. 

'  Ky.  Cieol.  Surv.,  Chcni.  Analyses,  A,  P(s.  I,  II,  and  111. 

'  For  Ordovician,  see  Ky.  Oeol.  Surv.,  reports  on  Oldham  County,  p.  19;  Kenton 
County,  p.  1.13;  Jefferson  County,  p.  50;  and  Chem.  Analyses,  Pt.  I,  1884,  pp.  'M 
and  7G.  For  Silurian,  consult  Ky.  Oeol.  Surv.,  new  series,  III,  p.  156;  Chem. 
Analyses,  Pt.  I,  pp.  83,  130,  and  288;   Fleming  County,  p.  70;   Clark  County  r-  -^- 
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Coal-measures.— The  co»l-nicnsurc  Ix-da  will  niKloubteiily  Ijc  fouiiti 
to  cotuaiti  tho  iiuisl  viiluublc  cliiva  of  the  Slate,  aad  all  of  llic  high- 
grade  lm^^•la\'«  thus  lar  dug  iiL  Kentucky  have  been  (>htaine<i  from 
them.  They  4K'cur  in  binh  the  eastern  and  western  portifnis  of  the 
StAt*.  in  the  coal-fields,  but  the  l>eda  have  not  been  Hysteinatieally 
trai'cd  or  le«le<l. 

In  the  eastern  held  a  fire-i*lay  is  said  to  occur  near  the  btise  of  the 
subcnnglonterate,  but  is  lacking  in  ]>ersi8tcncc.  Tliis  is  sitid  to  correspond 
to  the  fire-flay  worked  at  Sciolnville.  Ohio,  and  is  found  in  Greenup, 
Boyd,  CarUM'.  and  Lawrence  counties;  indeed,  it  is  ivp<irtcd  to  have 
been  shipfxtl  in  larj;e  quantities  frotn  Indian  Run  in  Greenup  County, 
Clay  of  high  refractormess  is  obtained  near  Olive  Hill  and  molded  for 
fire-brii'k. 

I'irtM'lay  is  also  stated  to  uecompuny  many  of  the  coal-seiinis  in 
parts  of  Jttvkson.  Pulaski,  and  Kockcaatle  counties.' 

The  n]>i)er  Ferriferous  Limestone  contains  a  bed  of  ore,  usually 
overlain  by  a  fire-clay,  in  Greenup.  Curler,  and  Boyd  counties.  It  has 
beeu  worked  for  fire-brick  at  Bellefonte,  and  also  for  {Mattery  near 
Cincianati.- 

In  the  western  coat-field  fire-clays  are  known  !o  occur,  but  there  is 
ittle  aviiilable  information  regarding  them.  Vitrified  brick-clay  is  worked 
It  Cloverpirt  in  Grayson  County. 


Tertiary 

Tertiary  clays  of  s;mdy  to  hiphly  i)lastic  character,  and  oft^n  of  good 
cfract<irines.s.  occur  at  a  numt)er  of  poinld  in  the  cMrcnic  wcstprn  part 
of  the  State,  while  ball-clay  has  l)een  dug  in  largo  quantities!  fn«n  the 
irra  annrnd  Mayfield.^ 

Recent  Clays 

Alluvial  deposits  suitable  fnr  making  common  brick  are  to  ]>c  ](x>ked 
^or  along  many  of  the  nver  valleys. 

The  anjilysc-s  shown  on  pape  33()  are  selected  from  tlie  published 
report*  of  the  Kentucky  Geological  Survey. 

■See  Ky,  Geol.  8un-..  EtMUtn  Goal-fipld.  1884.  pp.  30.  33,  33,  43,  'JMI ;  alto 
,  S.  Orol.  S»irv.,  fipol.  .Atla*,  Kolin  47.  I^mlon  8h(wr. 
'  Ky,  GeoL  Sun'..  KoAiem  Coal-fi«I<l.  pp.  110  und  111. 
•U.S.Oe.>|  Sun-..  Prot.  Pap,  II,  p.  39.  1903. 


330 


CLAYS 


References  on  Kentucky  Clays 

1.  Crump,  H.   M.,  The  Claj-s  and   Building  Stones  of   Keatuckj 
Eng.  and  Min.  Jour.,  LXVl.  p.  190,  1898. 

2.  Many  reports  of  Ky.  Geol.  Surv.,  for  sunim:iry    of    wliich 
U.  S.  Geol.  .Surv.,  Prof.  Pnp.  No.  11.  1903. 

3.  Reports  of  Ky.  Geol.  Surv.,  Chemical  Analyses,  A,  Pts.  1,  II,  ad 
III,  contain  many  analyses. 

4.  Ky.  Geol,  J!?xir\.,  Kept,  on  Jncks(m-Purc^hasc  Region,  deals  chiefl 
with  the  Tertiary  clays. 


.^^NALYSBS  or  KsNTtTcxr  Clays 


eUica  (SiO^l 

Alumina  (Al^O 

Ferri«  oxide  (rcjOi). .  , 
Lime  (CaO) 

Magncsiii  (MgO) 

Poriisli  (K/)) 

Hndii  (Xa^H. 

Phufphuric  acid  (PjOj). 


Lioss  on  ignition.  ....... 

Lime  carlionalc  (CbCX^j). 


50.40 
2fl.97* 


!.5I 
3  .W 
0  W 
0.10 

7.10 
0  76 


n. 


59,9 
27. 64* 


0.60 
3  93 
O.M 
with 
Al,0, 
7  02 
0,28 


III. 


63.12 

8  56 

6,3« 
2  03 
1-36 


O.H 

12,00 


IV. 


61.10 
18.20 

e.oo 

4.00 
1.64 
4.10 
0.82 


3.33 


40.50 
37.47 
trace 
O  IIJ 
trace 
0.28 
0.28 
0-25 

13.03 


VL 


43  58 

40  M 

07t 

02» 

0  14 


1ft 


14.42 


Silioi  (SiO,).  • 

Alutnina  (.\ljO:,)  - 

Ferric  oxide  (KcjOj) 

Lime  (CiiO) 

Magnesia  (MgO) 

P.Uash  (K/>) 

h!uil:i  fNaA>) 

Phosphoric  acid  (PjOg) 

SMlphur  tritpxide  (SOt) 

hoaa  on  igiiiiioii 


VII. 


02.92 

20.73 

3  SJ 

0.21 

0.33 

0  19 

0.21 

.    0.62 

imdet. 

13.60 


VIII. 


47.56 
40.66 
!nipe 
0,28 
0  49 
0  30 
0.40 
0.24 
trace 
10.03 


IX- 


84.76 

I  11.40 

trace 
0  tt.'^ 
1.5N 
0,05 


1.56 


X. 


40    14 
43.72 

1. 98 

'    I   00 


-12.5G 


XI. 


56  44 

\  '2s .  on 

1.30 
14.30 


xu 


Silica  (StOO 

Alumina  (AtiO«). .  . . 
Ferric  oxide  CFe,0,) 

Limn  (CuO) 

Magnci^ia  (MgO).  .. . 

FotnsJi  (K-O) 

Soda  (Na.O) 

Lo.Ks  on  ignition. . . . 


xin. 


74   10 

16    16 

2.70 

0  35 

0.  !.S 

0  !3 

5.  .50 


XIV. 


(il.58 

28.50 

1    68 

0,10 

0  13 

1  15 
0,82 
5  92 


XV. 


XVI. 


62  68 
25.88 
2.90 
trace 
0.31 
114 
0.92 
0  14 


XVIL 


T.-i  55 

16  75 

1.19 

trace 

0  14 

1  09 
0.21 
5.04 


xvu 


59 

24 

0 

0 
0 

I 

0 

11 


*lnclu'le«MnO. 


■                  UISTIUBLTION   OF  CLAY   IN   THE  UNITED  STATES           331    ^J 

^B                                                            LOCALITIU   or   TUE   PaCCKDINQ                                                               ^^H 

^(      No. 

LoeaUoo 

OmMpcbI  Aff.                                   1 

H 

■ 

H 
H 

■  VI 

H   VII. 

■  VUl. 

■ 

■  XI. 

■  xu. 

■  XIII. 

■  XJV. 

■  XV. 

V    XVI. 

^    XVU. 

1      XVIII 

CinciQoait  group  LowetSiiurioa    ^^J 
Upiicr  Siliiriun                                     ^^^| 
'Unio"  DevoniaD  shale                  ^^^| 
Keokuk,  Lower  Carboniferous        ^^| 

1 

1 

Waco 

Perry's   bmiich,    Tygart    Creek,    near 
E.  L.  &  B.  !<.  R.  It 

•  >           <' 

Three  miles  ejwt  of  New  Prvvidenoe. . . . 

\M\  City 

WicklitTc 

^H                                               Louisiana                                                 ^^M 

H       The  workable  clays  of  Louisiana  (Ref.  1)  are  all  of  transported  char-        1 
^hcter  and  po8(-Tcrtian'  age.     Three  distinpt  types  of  clay  are  worked  in         I 
^hiouisiana.  and  each  of  these  is  characteristic  of  that  portion  of  the   ^J 
HState  in  which  it  occurs.                                                                               ^^| 
H       The  first,  and  oldest,  is  the  Columbian  mottled-gray  clay  of  south- 
^Keastern    and   southwesteni  Louisiana.     It  constitutes  the  "pine  flats" 
^Bof  the  coast,  and  the  soK^alled  "nefrond  bottoms"  of  the  coastal  plain 
^■These  clays  have  been  worked  at  a  number  of  points,  especially  along 
^■tlie  Pearl,  Chcfunrte,  and  Sabine  rivers. 

^H        "The  second  group  includes  clays  of  later  Columbian  age,  skirting, 
^■though  lying  3(J  to  .V>  feet  above,  the  alluvinl  valley  of  the  modern  Miasis- 
^■sippi  River.     Upon  the  ejistern  bank  they  form  a  continuous  bluff  from 
^■the  Mississippi  Stale  line  to  Baton  Rouge,  thence  bear  southwe-stward 
^■to  near  Lake  Maiiripns  as  an  escarpmenf.  bordering  the  modern  Mississippi 
^Bftlluvium.     rpon    the    ininiediale   front,   and   extending   some    two   or 
^Bthree  miles  back  from  the  river,  these  yellow  and  somewhat  loamy  clays 
^Bi&re  covered  by  the  brown  loam  or  loess,  and  in  such  position  have  not 
^■bceu  worked."     Rut  at  Baton  Uouge,  where  the  loam  has  been  largely 
Hrcmoved,  they  are  extensively  dug  for  common  brick. 
^1       Clays  of  similar  character  and  geologic  age  form  a  somewhat  inter- 
^Brnpfed  escarpment  on  the  western  si<ie  of  the  present  Mississippi  Valley. 
^■Theac  clays  have  l>ccn  worked  at  Markvllle.  Washington,  and  New  Il>eria, 
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and  utilized  for  tile,  common  brick,  and  dry-pressed  brick.  The  heaviot 
and  perhaps  beet  of  these  deposits  are  found  in  West  Carroll,  Richland, 
and  Franklin  parishes. 

The  third  group  includes  a  series  of  pocket-like  deposits  in  the  moden 
alluvium  of  the  Red  River. 

Near  Shreveport,  and  further  north  in  the  bluffs  of  Caddo  and  Boeder 
parishes,  are  outcrops  of  lignite  shales  which  may  be  of  value. 


References  on  Louisiaiia  Clays 

1.  Clendenin,  W.  W.,  Clays  of  Louisiana,  Eng.  and  Min.  Jour.,  LXVl, 
p.  456,  1898. 

2.  Ries,  H.,  Report  on  some  Louisiana  Clay  Samples,  La.  Exp.  Stat, 
Pt.  V,  p.  263,  1899. 


CHAPTER    VI 


MAINE— NORTH  f^AROLlNA 


Maine,  New  Hampshire,  and  Vermont 

The  larger  portion  of  these  three  States  is  underlain  by  eitlier  pre- 
I^aiubrian  erystnlline  nwks  or  metamorphosed  i'ttla.*ozoif  fonnations, 
►ust?quently  little  clay  is  to  be  looked  for  in  these.  Covering  the  entire 
irfuce  of  these  Stales,  however,  is  a  mantle  of  I'leLsiticene  dcpcwitfi, 
niostly  glacial  drift,  which  is  enijjloyed  at  many  placea  for  the  nmnufac- 
lure  "f  bricks,  as  it  often  contains  clayey  niemljers.  None  of  the  deposlLs 
ire  n'fractory,  and  indeed  ihey  may  often  l*  quite  ralcareouH.  The 
^Inctial  clays  are  found  in  the  till  or  have  accunnilated  in  hollows,  but 
addition  to  these  arc  to  l)e  found  in  a  series  of  estuarine  dep<iRit», 
Kpresented  by  the  clay-l)eds  that  have  l>een  formeil  in  the  larger  valleys 
iuring  a  depression  of  the  land  in  l^leislncene  time.  The  Bnbsequent 
lift  f>f  the  surface,  and  their  erosion  by  streams,  has  left  the  clays  as 
prrace  deposits  along  the  valleys.  r)ep<Miits  of  this,  character  arc  com- 
lonlv  more  persistent  and  thicker  than  the  preceding  tj-pe  of  drift-clay, 
extensive  series  unilerlies  (he  terrace**  along  the  eastern  shore  of 
ake  Champlain,  where  they  reach  a  height  of  several  hundre<i  feel 
ibove  sea-level.  These  rieist»M-ene  clays  are  mostly  of  value  only  for 
'^making  common  brick  ami  dmin-tile,  although  the  smoother  ones  could 
l»e  Hinployed  for  red  earthenware. 

A  rather  ini|K)rtant  aeries  of  residual  claya  is  found  in  V'ennont  in 
nnnertion   willi   limoniie   nnd    manganese  deposits.     They   have  l)een 
frwonlod  fntm  Tiramli:*!!.  Motikton.  and  liennlngttm,  as  well  as  in  Shafts- 
t)ury,  Wallingf<ird.   l'lyni<iuiii.  and  Chittenden.     Some  of  thefte  are  of 
vhite  color,  and  although  now  used  chiefly  for  paper  manufacture,  have 
also  been  tried  for  the   nuumfacture  of   porcelain,  stoneware,  and  fire- 
brick.   The  following  ^Dalyws  show  the  composition  of  one  from  Fore«t- 
(.dalc,  Vt. 
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Analyses  of  Vermont  Kaolins 

I.  II. 

Silir-a  (SiO,) 5:1.70  48  91 

Alumina  (AI^O.) 35,12  39-99 

Ferric  oxido  (Ve-O,) 0.06  0  33 

Lime  (CaO) trace  0.34 

Magnesia  (MgO) trace  

Lo-ss  on  ignition 10.55  S.92 

Alkalies,  by  difference 0.57  1 .51 

Total 100  00  100.00 

I    J    N    Neviup   anal 
11.   If  Carmiohael   anal. 

A  decomposed  ttilcose  schist  known  as  "fire-clay"  is  worked  near 
Rutland,  and  used  for  patent  wall-plaster,  stove-lining,  et<*. 

References  oti  Vermont  Clays 

1.  XeviuR,  J.  N.,  Kaolin  in  Vermont,  Eng.  and  Min.  Jour.,  LXIV 
p.  189,  iS97. 

2.  Perkins,  G.  H.,  Rept.  Vt.  State  Geologist,  1903-1904,  p.  5'2,  VM^. 

Maryland 

The  Maryland  clay-deposits  (Ref .  5)  occur  in  formations  ranging  fnim 
Algonkian  to  Pleistocene,  and  the  several  formations  of-  each  systpni 
are  each  more  or  less  iiijiited  to  one  of  the  three  topographic  provinces 
into  which  the  State  is  divisible,  as  follows: 

Coastal  Plain  area,  containing  Pleistocene,  Tertiary,  Jura-Trias,  and 
some  of  the  Algonkian  formations;  bounded  approximately  on  north- 
west l)y  a  line  passing  through  Wilmington,  Baltimore,  and  Washingti'M. 

Piedmont  Plateau  region,  containing  Palaeozoic,  Mesozoic,  and  pre- 
Cambrian  formations.  The  first  two  yield  shales,  while  the  third  gives 
a  series  of  residual  clays  which  may  at  times  be  of  value.  This  region 
extends  from  the  western  boundary  of  the  coastal  plain  to  the  Appala- 
chian Mountains. 

Appalarhian  region,  consisting  of  parallel  mountain  ridges  coni- 
pos(>(l  (if  uptuniod  Pala;ozoi(;  strata.  These  are  largely  Devonian  and 
Carboniferous  shales  wiiicli  are  abundant  in  Allegany  and  Oarn-tt 
count  ie?!. 

Algonkian  Clays 

These  arc  ex('lusivel\-  of  residual  character  and  usually  highlv  femmi- 
nous;  there  arc.  however,  in  Cecil  County  a  number  of  scatter^  kanlin- 
dcposits  derived  from  feldspathie  gneiss,  and  one  near  Northeast  has 
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been  worked  to  some  extent  for  use  in  paper  mflnufacture.  A  second 
pit  lias  been  worked  near  Don*)'  ttutiuii  m  Howard  County  uiui  used 
I  in  firc-bnck  making. 

The  impure,  ferruginous  residuals,  which  have  t>een  derivori  from  &• 

I  variety  of  rocks  and  are  all  red-burumg,  vary  in  thickne&s,  and  except 

in   the  case  of  Iimesttme   ri^siduala  invariably  pass  by  slow  gradation 

[into  the  parent  rix:k  l>elow.     They  are  widely  distributed  in  tlte  Pied- 

imout  area.     A  broad  belt  of  ]in;estonc  clay  is  prominent  in  Waahington 

Dunty. 

Klurian  Shales 

Most  of  these  occwrrencea   have  no  value  for  brick  manufacture, 
[unle^  they  have  at  Ica-st  partly  weathered  to  residual  clays.     One  good 
Jeposit  occurs  near  the  cement-works  at  Pinto,  Allegany  County. 


Devonian  Shales 

These  are  represented  in  Allegany  and  Garrett  counties  Iiy  a  preat 
Jseriea  of  shales,  sandy  sliales  and  slialy  limestones.  In  some  case-s  the 
jahales  have  l>eeti  so  altered  by  folding  that  they  develop  little  or  no 
plasticity  when  ground  and  mixed  with  water,  while  at  (tther  times  they 
of  excellent  value  fur  the  manufacture  of  clay- prod  nets.  The  most 
important  meml>er  it*  the  Jennings  shale,  which  is  well  expased  east  of 
Cumberland  and  lias  l>een  uned  for  the  manufacture  of  a  red  vitrified 
brick. 

t  Carboniferous  Shales 

These  are  found  in  the  western  part  of  the  .State  in  Garrett  County 
nd  western  Allegany  County.     The  important  clay-ljearing  formations, 
together  with  their  characteristics,  arc  as  follows; 

Hauch  Chunk. — A  re<l  slmlft  with  interliedde*!  reddi-sh  sandstonefl, 
which  at  times  weathers  down  to  a  plastic  clay.  The  outcrops  flank 
the  riilges  of  western  Allegany  and  ea-siern  Garrett  counties,  but  the 

Els  are  not  worked. 
Pottsvillc— This,  the  only  one  of  the  Carboniferous  formations  which 
I  been  commercially  exploited  in  Maryland,  contains  a  valuable  deposit 
of  fire-clay.  The  bed,  which  is  known  as  the  Mount  Savage  fire-clay, 
underlies  the  Mount  Savage  coal,  and  has  alremiy  been  opened  up  at 
several  points  on  Savage  Mountain,  west  of  Krostburg,  Mount  Savage, 
and  Elierslie  respectively.  Outcrops  have  also  been  found  near  Blaino 
and  at  Swallows  Falls.  The  l>e<t  sometimes  contains  flint-clay  and 
aometimcs  plastic  shale,  the  two  occurring  irregularly. 


Upper  Cretaceous 
Lower  Cretaceous, 
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Allegany.— This  outcrops  on  the  eastern  side  of  the  George's  Creek 
coal-basin  high  up  on  the  western  slope  of  Dans  and  Little  Allegheny 
mountains.  It  contains  many  beds  of  shale,  but  none  are  worked,  aoi 
it  is  doubtful  if  many  could  be  used  for  clay-product  manufacture. 

Conemaugh. — The  shales  of  this  member  are  usually  argillaceous, 
and  sometimes  associated  with  coal. 

There  are  other  shaly  formations,  but  none  except  those  menttoned 
seem  promising.^ 

Cretaceous  and  Jura-Trias  Clays 

The  clay-deposits  of  these  two  ages  underlie  large  areas  in  eastern 
Maryland  and  are  perhaps  the  most  important  clay  series  in  the  State. 
They  are  divisible  into  the  following  groups  in 

RancocAS 

Monmouth 

Matawan 
j  Raritan       1 
\  Patapeco     |  Potomac. 
™  .  r  Arundel       ]  Group. 

[  Patuxent     J 

The  Upper  Cretaceous  deposits  of  Maryland  are  a  continuation  of 
similar  beds  in  Delaware  and  New  Jersey  and  cross  the  State  from  north- 
east to  southwest,  being. especially  developed  in  Cecil,  Kent,  Anne  Arundel, 
and  Prince  George  counties.  In  Maryland,  however,  these  deposits 
carry  but  little  clay.  Those  of  the  Potomac  Group  or  Lower  Cretaceous 
are  of  much  importance,  and  consist  of  a  series  of  sand,  sandy  clays,  and 
gravels  which  have  been  deposited  at  difterent  periods  and  under  vari- 
ous conditions,  the  result  being  that  the  most  unlike  materials  pass  into 
each  other  horizontally.  The  characters  of  the  several  subdivisions  of 
the  Potomac  together  with  tlieir  uses  are  as  follows; 

Patuxent.— This  is  best  developed  in  the  upper  valleys  of  the  Eig 
Patuxent  and  Little  Patuxent  rivers  and  is  sometimes  found  resting  on 
the  crystalline  rocks  of  the  Piedmont  Plateau.  It  is  traceable  as  a 
narrow,  irregular,  and  sometimes  broken  belt  from  Cecil  County  on  the 
northeast  across  Harford,  Baltimore,  Anne  Arundel,  and  Prince  Geo^e 
counties  to  the  border  of  the  District  of  Columbia.  The  Patuxent  at 
times  contains  beds  of  refractory  clay,  the  best  occurrences  having  been 

'  For  distribution,  see  Reports  on   Allegany   and  Garrett   counties  issued  by 
Maryland  Geological  Survey. 
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I  Dutcd  around  Baltimore  and  near  Sewell  m  Harford  County.    The  ciuys, 
which  eouiniouly  show  low  tensile  strength  nud  low  uir-  and  nre-shrink- 
'agc,  liave  been  used  with  much  success  for  udintxture  with  tlie  more 
[plaiftic  Arundel  chiys  m  the  manufacture  of  terra-cnlta. 

Arundel  fonnation.^ — Although  highly  developed    in   Anne  Arundel 

ICounty,  the  deptwits  of  this  horizon  can  be  tracctl  as  a  broken  belt  from 

ICecil  County  to  the  District  of  Columbia.     Tlic  deposits  form  a  series  of 

'Jarge  and  small  lenses  of  clays  bearing;  carbonate  iron  ore  (PI.  IV,  Fig.  1) 

which  have  commonly  been  deposited  in  old  depressions  in  the  surface 

tof  the  Patuxent  formation.  They  vary  considerably  in  size,  rangmg 
from  a  few  feet  up  to  125  feet,  and  are  usually  made  up  of  a  blue,  often 
siliceous  clay  of  good  plasticity  but  not  high  tensile  strength.  Cecil, 
Harford,  Anne  Arundel,  Howard,  Prince  GeoiT^e,  and  I3ultiniore  counties 
all  contain  many  beds  of  Arundel  clay.  They  are  mostly  red-burning 
and  so  their  chief  use  has  been  for  the  manufacture  of  common  and 
pressed  brick,  but  some  has  been  dug  near  Baltimore  for  making  sewer- 
pipe  and  common  pottery,  in  fact  refractory  clay  is  at  times  found  and 
used  for  terra-cotta. 
^  Patapsco  formatioD. — The  type  exposures  of  this  are  on  the  shores  of 
Bthe  Patapsco  River,  although  the  formation  extends  across  the  State. 
The  clays  are  chiefly  bright  colored,  mottled  materials,  which  are  often 

I  surrounded  by  sand-deposits.     At  the  base  of  the  formation  there  is  often 
a  bed  of  bluish  stoneware  clay,  which  is  worked  in  Cecil  County. 
Raritan  formation. — The  beds  in  this  formation  are  predominatingly 
Bandy,  and  although  at  times  they  contain  lenses  of  clay  they  are  of 
lar  lees  importance  than  those  in  New  Jersey. 
6c 
th 


Tertiary  Clays 

An  important  bed  of  red  clay  of  Tertiar)*  age  extends  from  the 

(South  River  southweatward,  showing  many  outcrops,  especially  along 

the  Western  and  Charles  branches  of  the  Patuxent,  at  Upper  Marllwro 

in  llic  Pot<)mac  Valley,  in  Prince  George  County,  et^.     It  is  a  somewhat 

|iine-grained  plastic  clay,  at  least  20  feet  thick,  and  burns  to  a  good 

hard  red  body,  but  is  not  worked,  although  it  could  be  useti  for  pressed 

I       brick. 

^H  Pleistocene 

^H  This  overlies  the  earlier  formations  of  the  coastal  plain,  and  in  some 
^■cases  extends  up  on  the  rocks  of  the  Piedmont  Plateau,  forming  a  mantle 
^Tof  sandy  clay,  losm,  and  gravel  of  varying  thickness.  The  loams,  which 
belong  to  the  Columbia  formation,  are  \ery  extensive  and  form  an  abun- 


K 
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dant  source  of  brick  material,  being  much  used  for  this  purpose  arouod 
Baltimore. 

Occasionally  the  Pleistocene  carries  stoneware  clays,  as  along  Chesa* 
peake  Bay  south  of  Bodkin  Point. 

The  physical  properties  and  chemical  composition  of  clays  frcnn 
the  different  formations  are  given  below,  all  of  them  being  taken  fn»n 
Volume  IV  of  the  Maryland  Geological  Survey. 

AtiALUBKs  OF  Maryland  Clays 


Silica  (SiOi) 

Alumina  (AlaOa).  .  .. 
Ferric  oxide  (FcjOi). 

Lime  (CaO) 

Magnesia  (MgO). .. . 
Alkalies  (Na^O.K^) 
Ignition 

Total 


I 


70.25 
17.71 
4.10 
0.70 
0.40 
1.76 
4.80 


99.72 


II. 


56.15 

33.295 

0.59 

jO.17 

0.115 

9.68 


100.00 


HI. 


75.40 
16.73 
1.27 
0.35 
0.90 
0.50 
5.30 


100.45 


IV 


69.40 
19.70 
2.00 
0.20 
0.60 
0.62 
7.85 


100.37 


59.70 
27.00 
2.10 
0.60 
0.52 
1.96 
8.20 


100.08 


VI 


68  30 
21  27 
I  a 
0.52 
O80 
020 
7  55 

100  07 


Silica  (SiO.) 

Alumina  (AI/O3) 

Ferric  oxide  (Fe20a) 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies  (Na,0,K;0) 

Ignition 


Total. 


VII 


72.50 

17.00 
1  50 
0.35 
0.60 
1.10 
6.50 


99.45 


VIII. 


IX. 


55.65 
30.53 

0.97 
0.75 
0.60 
0.20 
12.30 


61.00 
26  36 

0.83 
0.21 
0.10 
trace 
11.60 


100.35 


100.04 


46.10 

38.05 

1.05 

0.39 

0.60 

12.95 


XI. 


99.14 


58.60 
28.71 
3.22 
0-40 
0.35 
0  63 
8.90 


XII. 


100.81 


67  50 
17.20 
6  70 
0  45 

1.76 
5  90 

99.51 


Localities  op  the  AnovE 


No. 


11 
111 

IV 

VI. 

VII 

VIII. 

IX, 

X 

IX. 

XII. 


Locality. 

Bottom  shale,  brick  works,  Cumberland, 
Allegany  County 

F!int-clay,  Mount  Savage,  Allegany  County. . 

Baldwin's  sand-pit,  Raritan  River,  Anne 
Arundel  County 

Bodkin  Point,  Anne  Arundel  County 

Baltimore,  Baltimore  County 

Link's  pit,  south  of  Baltimore,  Baltimore 
County  

Carpenter  Point,  Cecil  County 

N'ortheaKt,  Cecil  County 

Flint-clay,  Swallows  Falls,  Garrett  County .  . 

Shale,  Swallow.s  Falls,  Garrett  County 

Tpper  Marlboro.  Prince  George  County 

Residual  limestone  clay.  Williamsport,  Wash- 
ington County 


Geological  Age. 


Devonian 

Carboniferous 

Raritan 
Pleistocene 

Arundel 

Arundel 

Patapsco 

Algonkian 

Carboniferous 

Eocene 

Pleistocene 


Paving-brick 
Fire-brick 

Not  worked 

Brick 

Terra -cotta 

Stoneware 
Kaolin 
Not  worked 


Bricks 


* 


I 

11 
111, 

IV. 


VI. 

vii. 

VUl. 

IX. 
X. 

XI. 
XII. 


Sav;i^e  Mountain,  AUpgariy  (.Vrntity.  .  .  , 
HoHkin  Point,  Anne  Anindi'l  ("oiinty. . 
Two  miles  south  of  B<.>dkiii  l^olnt,  Aqdo 

Aniiidel  County 

One-half  mile  Houtn  uf  Harmuii,  Anne 

Arundel  County 

Unk-pil,     Zlaliimore,     Anne    Arutidel 

County 

Near  Elkton,  Cecil  County 

I>e«lio.  Oril  County 

Xorth«i*t  niver.  (Veil  County 

Nortbc«.st,  Cecil  County 

Shannon  Hill,  C^il  County 

Ilonsey,  Howanl  County 

Upper  Marlboro,  Prince  George  County . 


Mauc-h  Chunk 
i'leistooonc 


Raritan 

Amndcl 

PalJiDiM-o 

Ketiiaual 

PBtapsoD 

Residual 

PatftRBCO 

Reiiaual 
Eocene 


I  lry-proa»cd  brick 

'i'crrn-ootta 
Stoneware 
Slovo-liiiing 
Not  workea 
Paper-i-lay 
Not  worked 
l-'i  re-brick 
Not  worked 


^  References  on  Maryland  Clays 

I.  Bibbias,  A.,  Md.  Geo].  Svirv.,  Report  on  Cfecil  County. 

2.  Cook,  R.  A.,  The  Manufacture  of  Fire-brick  at  Mount  Sa\'age, 
arylaini.  Ainer.  Inst.  Min.  Eng.,  Trans.,  XIV,  p.  098,  1886. 

3.  Martin,  G.  C,  Md.  Geo!.  Surv.,  Kept,  on  Garrett  County,  p.  212, 
19(12. 

4.  PffMwer,  C.  S.,  Palaeozoic  Fommtiona  of  Allegany  County,  Jour. 


I,  IX.  No.  5.  p.  409.  1901. 
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5.  Ries,  H.,  Report  on  the  Clays  of  Maryland,  Vol.  IV,  Md.  GeoL 
Surv.,  Pt.  Ill,  pp.  205-505,  1902. 

6.  Ries,  H.,  Md.  Geol.  Surv.,  Rept.  on  Allegany  County,  p.  180, 1900. 


Hafisachusetts 

Most  of  the  clays  dug  in  the  State  are  obtained  from  the  Pleistocene 
formations,  while  comparatively  small  amounts  are  taken  from  the 
Cretaceous  and  Tertiary  strata,  and  residual  clays  are  rare. 

Residual  Clays 

Two  deposits  of  white  residual  clay  or  kaolin  have  been  recorded 
from  Massachusetts.  One  of  these  is  at  Blandford,  Hampden  County; 
the  other  is  4  miles  south  of  Clayton,  Berkshire  County.  The  firet 
has  originated  by  the  decomposition  of  a  pegmatite  vein  in  mica-schist, 
and  has  a  width  of  nearly  100  feet.^  It  has  been  used  for  the  manu- 
facture of  white  brick  and  terra-cotta.  The  second  has  been  derived 
from  feldspathic  quartzite  or  gneiss,  and  in  its  crude  state  is  lean 
and  sandy.  The  following  analyses  represent  the  composition  of  washed 
samples  of  the  Blandford   (I)  and  Clayton   (II)  materials. 

Analyses  op  Massachusetts  Kaolins 

I.  11. 

Silica  (SiOj) 52,03  50.00 

Alumina  (AI..O3) 31 .  76  44 .  00 

Ferric  oxide  (FcjOj) trace  

Ferrous  oxide  (FeO) 1.00 

Lime  (C&O) trace  .024 

Magnesia  (MgO) 54  

Alkalies  (NajO,K.O) trace  1 .  24 

Water  (11,0) 15.55  


Total 99.88  96.264 

Residual  clays  arc  known  in  Essex  County,  but  are  of  no  com- 
mercial value.  One  bed  of  fine  white  kaolin  derived  from  felsite 
occurs  on  the  west  side  of  Kent's  Island,  Newbury.  Another  mn?s 
is  found  in  South  Lawrence,  but  neither  have  been  worked,  as  they 
are  too  small. 

'Crosby,  Tcchnol.  Quart.,  Ill,  1890. 
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Cretaceous  and  Tertiary  Clays 

The  Cretaceous  and  Tertiary  beds  U^rm  a.  thick  scries  of  clays  and 
sands,  well  cxptised  in  the  Gay  Head  clifls.  The  clay-deposiu  are 
pockety,  owing  partly  to  the  frequent  changes  of  conditions  during 
deposition,  and  partly  to  their  subsequent  disturbance  by  the  ice  of  the 
rontincntal  glacier  as  it  advanced  southward.  These  clays'have  been 
used  to  a  slight  extent  for  bricks,  and  somewhat  for  souvenir  pottery. 


«      An 


Pleistocene  Clays 

These  form  the  most  important  clay  resource  of  the  State,  but  con- 
tain no  high-grade  materials.  They  are  extensively  develop«i  on  the 
islands  of  Martha's  Vineyard,  Nantucket,  and  in  wmthwistern  Massa- 
chusetts on  Cape  Cod,  but  most  of  these  are  not  well  adapted  to  bhok 
manufacture,  as  they  vary  too  much  in  htirning. 

The  true  glacial  clays  are  found  and  wf<rkcd  at  many  points.  (Ref.6.) 
Some  of  these  were  formed  in  estuaries,  others  in  pools  under  or  ia 
front  of  the  ice,  while  still  others  occur  in  the  morainal  drift  and 
present  ground-up  rock-flour.  In  the  rt^ion  south  and  east  of  a 
from  the  mouth  of  the  Mcrriinac  River  to  Stonington,  Conn.,  they 
not  found  above  an  elevation  of  100  feet.  Around  Boston  thera 
lacial  clays  are  well  developed  in  the  estuaries  of  the  Cliarles.  Mystic,  and 
ujras  rivers  north  and  west  of  Boston.  The  clays  are  bluish,  plastic, 
and  very  fine,  but  may  at  times  contain  Iwwlders  or  scattered  pcbblee. 
Similar  clays  are  extensively  worked  along  the  Mystic  River  at 
idford;  at  Cambridge  and  Belmont  on  the  Charles  River;  at  Holyoke 
anci  Snuth  Hadley  on  the  Connecticut;  and  at  Taunton  on  the  Taunton 
River.  They  are  used  chiefly  for  common-brick  manufacture.  There 
are  but  few  published  analyses  of  Massachusetts  clays.  Of  the  two  given 
below,  No.  I  is  a  glacial  clay  from  West  Cambridge,  J.  Card,  analyst, 


AK&LVSBa   OP   MASSACBCSeTTS   Cl^TB 

I. 

Silica  (SjO.) 48 .  W 

Alumina  (Al,Oi) 28 .  00 

Ferric  oxide  (Pe*0») 3  89 

Lime(CaO> 7,1 

Ifagnena  (MgO) 3.66 

AlkaUee  (N«/),K,0) 4.73 

W»t«r<Hrf)> 3.31 


It. 

67.a) 

31.21 


0.19 
0.20 
0.40 
0.83 


Total 100  58 


00.33 
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and  No.  II  a  red  clay  from  south  end  of  Gay  Head  section.  (7th  Ann. 
Rept.,  U.  S.  Geol.  Surv.,  p.  359.) 

In  Essex  County,  in  which  briclcmaking  began  over  200  years 
ago,  Pleistocene  surface-clays  are  much  used  for  bricks  and  pottery. 
They  are  of  variable  thickness,  some  exceeding  thirty  feet  in  depth,  and 
are  worked  at  Danversport,  Haverhill,  Beverly,  and  Salem.  Some  of 
the  deposits  are  excavated  below  sea-level. 

It  is  interesting  to  note  the  variety  of  products  made  from  these  com- 
mon surface-clays,  for  they  include  common  and  pressed  brick,  fire- 
proofing,  and  earthenware.  A  fine  pottery  is  made  at  Newburyport 
from  a  mixture  of  local  clay  and  Ohio  clays. 
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Michigan 

The  clays  of  Michigan  are  derived  from  two  types  of  deposits,  namely, 
(1)  PaUeozoic  shales  and  (2)  Pleistocene  clays.  The  former  belong  to 
the  Silurian,  Devonian,  and  Carboniferous. 


Silurian 

Hudson  River.  Tliis  formation  carries  a  number  of  beds  of  shale, 
but  most  of  these  are  either  too  gritty  or  too  calcareous  to  be  usetl  for 
the  manufacture  of  clay-i)roducts. 
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Devonian 

Hamilton  shales. — These  outcrop  Around  Alpena,  but  have  nul  l^eeii 
usod  ill  llie  inaiiufuLUure  (if  fhiy-prddutts,  jilllmugh  tlicir  chemical  coni- 
p(>!«itiiHi  ?;c*!nLS  to  sliow  that  they  may  be  pnnnisiiig. 

Marshall  series. — The  shales  of  this  formation  are  verj'  extensive 
and  are  well  dcvelojwd  around  East  Jordun,  whi're  the  iiielkiwcd  niit- 
cn)ps  form  a  veiy  though  |>l!Lst,itr  clay  and  are  iisetl  in  tiie  itmnufaclure 
of  brick.  They  form  a  jironiising  <rlay  resource,  Ijut  one  objection  to 
them  is  the  occasional  high  content  of  soluble  saltjs. 


Carboniferous 
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The  Carboniferous  shales  found  in  Miehipan  belong  in  the  coal- 
measures,  and  are  fi>und  intt^rbedded  with  the  coal-seams  and  sandstone.-*. 
Three  tj'pes  were  noted,  namely,  (1)  a  light-gray  shale  often  underlying 
the  coal  and  erroneously  eidled  fin^-clay.  (2J  A  black  line-^raiued,  briulc 
shale,  aial  G4)  a  dark  /^rayish-blut-k  shale.  The  last  Iwo  uaually  uverli*- 
the  eoul-seam.  The  shales  are  found  a^^sociutcd  with  the  coals  in  the 
different  mines  around  SaKinaw,  <Hv(«iW),  Corunna,  St,  C'hurles,  Vornc. 
Bay  City,  and  Sobowain^;.  When  gri)und  up  and  mixed  with  water 
most  of  these  shales  give  a  phistic  mass,  but  one  whose  tensile  strength 
is  usually  h>w.  They  have  !>een  bmnd  in  several  places  sufficiently 
plastic  tn  be  nioldwl  in  a  stiff-nuid  brick-niacliine,  and  usetl  tn  make 
pa%-ing-brick  or  sewer-pipe.  They  usmilly  vitrify  around  cones  3  and  4 
and  Ijccomc  vistions  anywhere  fri»i»i  cnnes  5  to  11.  The  cual  and  the 
shales  form  a  biv^in  nnrthea.st  nf  Saginaw,  which  Inis  a  diameter  nf  al«)ut 
50  miles.  Tlw  outcrops  are  found  chiefly  around  the  edge  of  the  basin, 
and  in  the  center  the  shales  are  ntat  only  at  a  considerable  depth  below 
the  aurfare  but  there  is  usually  a  heavy  covering  of  glacial  drift  or  lake- 
deposits  at  many  points. 

Michigan  shales.  -The  mcks  of  this  series  form  a  belt  from  10  to 
20  miles  wide  surrounding  the  coal-measure  rocks  in  the  lower  ^leninsula. 
They  are  l>e8t  exjwsed  at  Grand  Rapids,  where  they  form  a  bed  from  6  to 
10  feet  thick  (»verl\ing  a  g>'()sutn  deposit,  but  additional  exposures 
occur  in  Huron  uml  Arenac  cdunlicw.  as  well  as  along  the  Cass  Uiver 
in  Tuscola  County.  From  laboratory  testa  it  is  found  that  the  Michigan 
shales  are  atually  more  fiwible  than  (luise  of  the  coal-mc:i8ure3  and  that 
they  bum  tn  a  good  re<l  ^^^l<^r.  allhungh  they  may  in  some  cases  contain 
an  abundance  of  soluble  salts.    Samples  of  them  taken  from  the  weat! 
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outcrops  show  considerable  plasticity.    These  shales  have  been  wortad 
for  the  inunufacturo  of  brick  at  Grand  Rapids. 

Coldwater  shales. — Tlie  depoeit*  of  this  scries  are  very  exterwre, 
and  have  been  uix^iicd  up  in  quarries  at  Bronson,  t'niim  City,  and  <'oW- 
water  and  on  the  northeast  gide  of  the  cou) -measure  area,  they  art'  wei) ' 
exposed  near  I'orestville  (1*1.  XXIX,  Fig.  1)  on  Lake  Huron.  Mat) 
l>cds  (if  thLs  sluUc  scries  will  no  doubt  be  found  to  Ije  well  suited  fyt 
the  manufacture  of  clay-product.s.  for  samples  tested  show  that  iWy 
vitrify  at  about  cone  2  and  become  viscous  at  cone  5. 


Pleistocene 

The  clays  of  this  age  arc  divisible  into  three  proups,  namely 
deposits,  rivcr-tlcposits,  and  moraine -deposits.  All  of  these  are  very  cal- 
careous, except  the  river-clays  which  are  less  so,  but  show  a  hipli  uniouut 
of  grit.  In  many  cases  the  lake-clays  have  been  leached  in  their  tijiitrr 
portions  and,  being  freed  from  lime,  these  beds  nearer  the  surface  tci»i 
io  burn  red.  The  lake-clays  are  extensively  develoi)ed  at  Detroit.  Port 
Huron,  South  Haven.  Murquctte.Snginaw.  and  Kscanaba.and  are  <pft<!i 
found  as  much  as  50  or  tit)  fccc  above  the  present  lake-level.  Tliose 
rieijitocene  clays  are  usually  fine-grained,  nearly  always  calcareous,  ainj 
fuse  at  .a  low  temperature.  Their  tensile  strength  commonly  ran).*fs 
from  150  to  170 pounds  jier square  inoli.  Themor&inal  rluys  form  irre^vlur 
masses  in  the  tcnninal  inoruine  und  are  worked  at  Ionia  (PI.  XXX, 
Fig.  1)  and  Lansing.  Their  pliysical  properties  are  similar  to  thiwtif 
the  lake-deposits.  The  river-clays  are  less  extensive.  Ko  clays  of  a 
rpfractory  nature  have  thus  fur  been  found  in  the  State.  At  Rowley 
in  Ontonagon  County  there  is  found  a  very  fine-grained  calcareous  Hay 
which  has  been  used  as  a  slip. 
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lO.  1.— Coldwdter  ('('urbonifcrdua)  shalenat  >\'hJ(o  H<  ck.  near  Forestville,  Midk 
(Aftor  H.  Ries,  Mich.  Geol.  Siirv..  Vlll.  Pr    I.  p.  -u.  IViOn.S 


Fio.    2. — ('arh«inifiT*>ii^    »li;ihr   used    tor    puviiig-brii-k.    FIu-hIiiiik,    Mirh.      (After 
H.  Kii»,  .Mich.  Gcol.  Sun.,  VIII,  Pt.  I.  p.  Jtt,  1900) 

345 


I 


J^rii'fc.ibfifcrtjt  Alto 


-J 


l£iiica  (SiC) 
lAJurnina  (AljOi). 

Feme  oxide  (FcjOj), 

Lime  (C»0J 

Ma^cuia  (N^O). . 

Potaah  (K^)) 

SodA  ^a^) 

'Jarlx»n  dioxide  (CX>i), 

'Vat«r  (11^) 
LOrgaiuc+  . .. 


PHYRirAL  TcflTS   OF    MICHIGAN  ClaYB    AXD  ShALIUI 


[percent  U^t.)  retjiiired  for  mixing 

iTeiisiile  strength *' 

]  Pliisticity. 

Air-^hriiik:igc.  per  cent 

I  Fire-slirinkaRe,  per  cent 

Incipient  fusion,  ooae 

I  Vitnficalion,  cone 

JViswwity,  cone 

KColor  when  liurned 


21). 
55-65 
fair 
4 
0- 
l 
4 
9 
rea 


U3. 


good 

6 
10   • 
05-  . 
01 
3  ^ 
red 


IV. 


.21 
125-139 

^<M>d 

9 
03 

2 

5 

red 


V. 


8I)-U5 


05 
01 

2 

deep  rod 


VUI. 


18 

high 
6 
0 

OS 

2 

:)-• 

bnfr 


!,fj«ALlTIES    OF    THE    AUOVB 


No. 


I. 

H. 

III. 

IV. 

V. 

vr. 

VII. 

VIII. 

IX. 

X. 


LoeaUty. 


btfgmaw 

Grand  Lcd^. 
Omnd  Kapidti 
C<j  Id  water.  . 
Eiuil  Jordan  . 
Aipeim. . .  .    .  , 
Marquette. . . 

Ionia 

I-an«ing.  - . . .  - 
Roeklund. .   . 


Oanloridd  Age. 


Ctjulnioaeures 

Carbonifcroua 

Mii^Kigan  M-riea 

Coldwuter  (icriet). .. . , 

Devonian 

Hamilton  sliitle.  .. . . 
Quatenmry  (lake). . 
"  [glacial). 


Usaii. 


Xot  worked 
Sewer-pipe 
Common  hrick 

iJric'k,  Portland  cement 

Pcirtljind  cement 

Not  worked 

Brit^k 

Re<l  and  white  brick,  white  tile 

Slip-glaiing 


Alio(  tli«ttl>us-t;  are  iHkeufrura  V^il.  VIII.  Pr.  I,  of  th«  MirhiCait  Geological  Survey. 
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3.  Russell,  I.  C,  The  Portland  Cement  Industry  of  Michigan,  U.S. 
Geol.  Surv.,  22d  Ann.  Itept.,  Pt.  Ill,  p.  629,  1902. 

Minnesota 

The  clays  of  this  State  can  be  divided  into  two  groups,  namely,  (I) 
residual  clays  and  (2)  transported  clays. 

Residtul  Clays 

These  have  been  derived  from  either  cr>'stalline  rocks  or  limestonH. 
Crystalline  rocks  arc  abundant  in  certain  parts  of  the  State,  but  what- 
ever clays  may  have  been  formed  from  them  have  been  largely  removed 
by  glacial  erosion.  Deeply  decayed  (cranitic  gneisses  are,  however,  ex- 
I)<>aed  at  a  few  places  in  t  he  ilinncsota  Valley,  as,  for  example,  at  Redwood 
Fulls,  but  the  deposits  appear  to  be  of  little  value.  Limestone  residuals 
occur  in  the  "driftless  area"  of  southeastern  Minnesota,  but  they  are 
overlain  by  the  loess,  and  the  two  are  worked  together  for  brick  manu- 
facture. 

Transported  Clays 

Pre-Cambrian 

Arpillaceous  slates  of  Kewaatin  ape  have  been  worked  for  making 
dry-press  lirick  at  Thompson,  thirty  miles  southwest  of  Duluth;  but  the 
enter])ris<'  lias  not  lieen  hijrhly  suct'ossful,  although  the  plant  was  in 
oiKTiititm  in  1904. 

Ordovician 

Sli;ilrs  (tf  this  a^'o  arc  found  only  in  the  southeastern  quarter  of 
tlie  Stnti',  aiul  are  well  exposal  in  the  Minnesota  river  bluffs  near  Si. 
Paul.  The  shiilcs  are  usually  intcrst ratified  with  limestones,  and  may 
tluMnsi'lvcs  1)1'  cali-arcoiis.  so  that  only  certain  beds  can  be  used.  These. 
llo\v(■^■(•^,  have  been  succi'ssfully  worked  at  St.  Paul  for  pressed-brick 
munul'ac-mrc. 

Cretaceous 

The  ("ri'tan-ous  licik  arc  probably  the  most  valuable  clay  resounv 
of  the  Stale,  but  iiiiforluiiatcly  the  only  important  occurrence  occupies 
but  a  very  liiniti-.l  ana  m-ar  Heil  Winj;  (PI.  XXX.  Fig.  2),  where  it  lw> 
hvcn  workcij  for  some  years  to  make  an  excellent  grade  of  stonewart. 
Otlier  (U'posils  are  kiunvn  in  the  western  half  of  the  State,  but  are  deeply 
covoretl  liy  drift  as  well  as  being  of  poor  (juality. 


Hjh  2. — Uretiiceoiis  9loiie»orc-clay,  Iteil  Winp,  Minn.     (Phulu  loaned  by  Ked  Wing 

^S  Stoncwarc  t'c.) 
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Pleistocene 

(ilacial  clrtvs,  represented  I>y  till-depostts,  lake-rleposits,  or  streani- 
ippa«it<i,  are  of  iniporttince  in  Minnesola,  fnr  common-brick  mumifacture 
fat  Iciist.    Tlicy  iire  cither  red-  or  creani-buming,  depending  on  tlte  pre- 
jjiiminnnce  of  iron  or  lime, 

Uepresentative  of  the  lir*!t  tif  these  three  subtypes  are  the  deposits 
nc:ir  IVinceton.  Mille  Lnrs  County.     Those  of  the  second,  whirh  were 

tprotjably  of  interjiliiciul  age,  oecur  newr  the  eastern  bonier  of  the  .State, 
ft  specially  inipoiiflnt  one  being  worked  at  Wrenshall,  Carlton  County. 
The  third  8ubty[>e.  which  inrlndes  river  silts  deposited  during  the  with- 
drawal of  the  ice  ia  prominent  in  two  areas,  namely,  along  the  present 
Miiinesittu  Hiver  from  Khnkoi>ee  to  New  Ulm  and  along  the  MisslsKippi 
Kis'er  from  Minneapoli?  to  Little  Kails.  In  both  cases  the  worked  chiys 
underlie  terraces  bordering  the  present  river  channels.  They  are  exten- 
|«ively  worked  at  Chester  and  Minneapolis. 

Loess- deposits. — Most  of  the  clays  wf>rkerl  on  a  small  scale  Ix-long 
lt<)  this  type,  but  all  are  not  true  Iticss  accumulations.  In  this  class 
jbelong  the  Uetl  Kiver  Valley  cinya,  worked  at  Moorhead  and  East 
ICimnd  Forks. 
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Hirjii  <;<-.i|.  Hurv  .  1872. 
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Mississippi 

The  clay-bear'iiig  ftiniiutioiis  of  Mississippi  include  tlte  De\*nnian, 
Carboniferous,  CreLaceoiis.  l>rti»ry,  and  Pleistocene,  but  little  infnrm» 
tioii  lias  been  publislied  rej^ardiiiK  them. 

The  claya  of  the  Potomac  fortnalitjn  of  the  Cretaceous,  and  tin 
Lignilic  futiimtion  of  the  Iviceiie.  are  probably  of  coiifijderuble  value. 

Tiie  Pototnat^  furmutioii.  whicli  (uciipies  a  narrow  zone  exteodin 
from  Tishomingo  Comity  on  the  rmrth  tn  Monroe  County*  on  the  i^i^mlli 
consists  of  gruveLs,  namls.  clays,  and  some  lignite  beds,  and  is  ovedaii 
uni'onformabiy  by  the  Lafayette  and  C<ihimbia  formations. 

The  tUays  are  of  various  colors,  s<mie  being  white,  but  the  percenta$?a 
of  in)n  oxide  indicated  by  the  analyses  siiow  that  they  sire  not  white 
burning.  They  have  been  vise*!  at  Miston,  I  tnwamba  County,  for  comma 
stitneware. 

The  Ivignitic  clay  belt  extends  from  northern  Marshall  County  t 
the  Alabama  line  along  the  eiustorn  border  of  Lauderdale  County,  bu 
the  better  grades  of  clay  occur  along  a  line  passing  through  the  centra 
part  of  the  outcrop  of  the  formation. 

The  flay-dep«sit.s  are  known  to  oronr  at  a  number  of  points,  ba 
H<il]y  Springs,  where  the  materials  arc  worke<l  for  making  common  stone 
ware,  appears  to  be  the  most  important  locality.  Most  of  the  publbcliei 
analyses  indicate  too  high  a  contents  nf  iron  nxide  to  be  white-burninij 
Not  a  few  are  apparently  fire-clays,  but  few  would  be  classed  a*  higbl 
refractory  from  the  analyses. 


References  on  Mississippi  Clays 
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2.  Hilgard,  E.  W.,  Report  on  the  topology  of  Mississippi,  p.  244.  I844j 
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Missouri 

In  the  variety  of  its  clays  Missouri  {Ref.  6)  stands  well  up  towar 
the  hea<l  of  the  chiy-protluring  States.     As  can  I>e  seen  fr<mi  a  glance" 
at  the  map  (i'lg.  54),  the  clay-bearing  formations  range  from  Cfiml.mDj 
to  Pleistocene,  exclusive  of  Cretaceous,  and  Jura-Trias. 

A  discussion  iff  the  clays  by  formations  is  not  perhaps  wliolly  batv^] 
factory,  but  is  l>etter  in  order  to  maintain  uniformity  of  treatment  i 
far  as  possible. 


Fin.  .'>5. — Map  Bfaoning  distribution  of  Missouri  kaolins.     (After  Wheeler, 
Mo.  Ceiil.  Siirv.,  XI.  p.  200,  IS96.) 

Soutbeastem  district    of   Cape   Girardeau.   Bollinger,   and    Howell 
counties,  in  Ordovician  and  Cambrian  liinestonea. 

(Antral  district  of  Morgan  and  Cooper  counties,  in  Ordovician  lime- 
stone. 

Southwestern  district  of  Aurora  and  Lawrence  counties,  in  Misstsip- 
pian  iimcftonc. 

Acconlinp;  to  Wheeler,  the  kaolins  appear  to  be  the  insoluble  fine 
residutil  matter  Ipft  by  the  removal  by  solution  of  heavy  beds  of  limestone 
Only  those  of  the  southenstern  rlistrict  have  been  worked,  and  thew  t< 
but  a  limited  extent.  The  output  has  been  sold  for  use  in  the  nianu 
facture  of  white  ware,  paper,  or  kalsomine,  and  Glen  Allen  is  the  in> 
important  lomiity. 

Flint-clays.— These  are  compact,  dense,  flinty  clays  with  a  eoa 
choidal  fracture,  which  are  foiind  filling  pockets  or  basins  in  limestone 
The  deposits  range  from  50  to  200  feet  in  diameter  and  15  to  50  fee 
in  depth,  while  between  the  limestone  wall  and  the  clay  (here  is  usuall; 
a  sheet  of  sandstone  several  feet  thick  (Fig.  56).  The  pockets 
thoupht  by  Wbeeler  to  be  old  sink-holes  in  limestones  that  have  t»e 
come  filled  by  aluminous  matter  being  washed  into  them,  but  he  ftirtbe 
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suy:;;i:ests  that  since  this  they  have  been  slightly  altered  chemically  by 
leiurhitii;  with  a  rei;ry!*l!iili/.ati(Mi  of  the  kaolinite;    indeeU,  tlieir  reiiiurk- 

lable  freedom  from  impurities  and  high  aluniina  content  urc  puzzling 
features. 

The  flint-days  Wfur   iti   the  eflst<*rn-(*en(ra!    purtitiii  of   tlie  State 

{(Fig.  54),  at  a  distance  of  40  to  HO  miles  wost  of  St.  Louis,  along  the 
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Fia.  56. — Section  of  a  MiiMoiin  flinl'cliiy  dpiHKii.     {Afier  Wbeeler,  Mo.  C«il,  Suit., 

X\,p.'Xn,  1806.) 

Wttbash,  Rock  I.slanil,  Missouri  Pacific, and  FrifH!o  railroads;  but  although 
the  clays  iwcur  in  sulM'arbdnifcrous  and  OnJovirian  linie.stones,  they 
were  possibly  fortited  in  ('retaceoiKs  tiriitw. 

The  Hint-clays  show  the  followinj;  properties:  harflnc*?,  2.5  to  3.5; 
specific  jjjavity,  2.li-T  to  2.45;  slaking  ^jualitiea,  none;  pliistinitv.  very 
low;  tensile  strenKth,  10  to  3vS  lbs.  iier  sq.  in.;  uir-.shrinka^e,  2.5 
3.5  per  cent;  Rrc-shrinkagc,  9  to  14  per  cent;  incipient  fusion, 
[about  2300°  v.,  but  nnaffpctH  nt  27(K)°  !■'.  and  able  to  withstand 
F.  Avenv^c  coinpcjsiti<m:  SiO;>,  43. S  per  cent;  .\I;>O3,40  jkt  rent; 
3O,  14.2  i>cr  cent.  Their  silica-aliiniinn  ratio  has  led  Wheeler  lo  suggest 
that  they  contain  phdlerltc  rather  than  katvliiiile,  or  at  IeiL»<t  a  nilxliirc 
of  the  two.  Flint-i-lay  bricks  have  hiiih  powers  of  lieat  resJHtnnre.  but 
low  abrasive  resistJince.  They  work  well  in  the  arch  of  an  open-hearth 
furnace  <»r  in  the  cbeckerwork  of  a  roKencratnr. 

Ball-clays. — These  :ip|>ear  to  have  Ijeen  riprived  by  the  weathering 
of  flint-clays. 

Stoneware -clays. — Tfiesc  have  a  similar  origin  to  the  flint-<'Iaya, 
lit  are  le&s  puro  nrnl  fiave  not  Iwcn  consojitlaterl  by  twc"ndar\f  chemical 
hnnges.  They  are  fif  local  extent,  and  are  found  in  rocks  ranginc  frfira 
he  Lower  rarlionifemiis  down  to  the  riinibrian.  but  the  Burlin/iton 
nd  Trenton  limestones  appear  to  be  the  mtwi,  favorable  situations. 
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Coal-measure£ 

The  Coal-meusuresof  Missouri  conuin  two  imixirtantseHes  of  dep 
namely,  plastic  tire-cl^ys  and  impure  aliuleti. 

Plastic  fire-clays. — All  of  the  Alissuuri  plastic   Gre-cLays  occur 
the  Curbuniferous,  at  the  Uise  ut   the  Coal-ntcusurcs,   oikI  are  fo 
in  the  eastern  part  of  the  btate  in  two  different  Ijusiiis  known 
ively  as  the  tit.  Louis  and  Mexico  areas.    Tl»e  fonner  is  on  ^^lc  wi 
ed^e  of  tlie  eastcru  interior  coal-field,  and  the  latter  oo  the  esibU-nk  i 
of  the  western  interior  field. 

In  the  St.  Louia  basin  there  are  eeveral  beds  of  elay  and  - 
only  the  St.  Louis  tiro-clay  scam  is  refractnry.     This   lius  nn  ;.  inaji 
thickness  of  6  to  8  feel,  with  a  sandstone  11(M)r,  a  thin  liitumtnuus  cil 
ro<»f.  and  is  workeil  by  shafts  (PI.  XXXI,  Fig.  1)  or  adits.     Jt  \»  )i«i 
when  fresh,  but  tlisintegratcs  on  exposure. 

A  special  grade  known  as  pot-clay  cornea  from  a  purer  and 
uniform  seam  near  the  middle  or  ti)p  of  the  bed. 

The  St.  Louis  clay  is  coarse-grained,  often  carries  pyrite,  and  idll 
high  in  iron,  still  the  latter  is  uniformly  distributed  and  finely  divkl 
The  range  of   physiiral  properties  of  this  clay  is  given    by  Whe^r . 
follows:    average  tensile  strengtli,  80  to  150  lbs.  per  (m|.  in.;    air-tdiiink 
age,  0  to  9  iwr  cent;    fi re-shrinkage,  4  \o  8.5  \>or  cent;    vitrificatioo 
T^HH)"  to  'J4.50°  F.;  viscosity,  2500^  to  2700*  F.    This  clay  is  much  i 
for  gla.ss  potvS.  Kino-iietorts,  and  gas-rctorls.      It  also  makes  a  dv 
fire-brick  if  not  exfHised  to  excessive  heat,  us  its  fusion-point  doat  j 
excewl  cone  30  or  31. 

The  average  ctiinpositiim  of  seven  clays  »as  iis  follows; 

AvKKAtiK  (NiMKiwirirjN  OP  St.  l.orrs  Kiiib-cuvi 

Miiie-ruii.  Wa«b«4. 

Combinwi  HJtic!!  (SitM.  :«  3*J 

Fi-wr  silini  (f*iO,) :»0  25 

Ahimiim  (Al:^)>) '-M  24 

Fern>  r>xMie  (KbA>.> 1.9  I   « 

Ferrous  oxido  (Fp(H 1.2  1 .00 

I.ime  (C'aO), 7  .7 

Mai;ne»in  (MgO). .    .  .'1  .'2 

PcitHsh  (K.()i S  .-W 

.Sodii  (N":i-0) 2  .10 

Sulphur  (Si ,  3  1$ 

Sulphur  Trionide  (SOjl  'AH  .40 

Writer  (HO> W  f,  10 

Moiwhirf -  7  3 

Totiil  Hiixc.s .i.n  4  R 

The  Mexico  clay  includes  one  IxhI  whicli  w  worked  at  Fulton,  Mexic 
and  Vandalia.     It  ranges  from  0  to  40  feet  in  thickness,  but  only  tt 


-Pit  of  Raritan  (Cretaceous)  clays,  \V«ioilhrKlge,  N.  J.     (After  H.  Rjni, 
N.  J.  Ocol.  Sun-.,  Fin.  Kept.,  VI,  p.  340,  19W.) 


THE  NEW  YOfu: 


» 


MAINE— NORTH  CAUOLINA  ^SO" 

lower  6  to  12  feet  arc  worked,  aad  this  through  shafts.  The  range  nf 
physical  properties  is  givpn  by  Wheeler  aa  follows:  Average  tensile 
alrength,  40  to  SO  lbs.  per  square  inch;  air-shriukage,  4  lo  5  per  cent; 
tirc-shrinloige,6  to  7  per  cent;  vitrification,  241)0''  to  2500°  F.;  ^-iscosity, 
2600°  to  2700°  F.  The  average  composition  ia  alao  given  by  Wheeler 
I  follows: 

Silica  (Si02) 52.00 

Alumina  UW2O3) 33.00 

Ferric  oxide  (FejOa) 1.5 

Lime  (CaO) 5 

Magnesia  (MgO) 7 

Alkalies  (NuoO.  K2O) 12,00 

Total  fluxes 3.4 

Stoneware -clays. — Those  found  in  the  coal-measures  are  the  nii'.st 
important  knuwu  iu  the  State,  including  many  clay-  and  shale-beds,  the 
most  extensive  of  whitih  are  fi)und  in  Henry  County.  They  have  been 
much  used  by  potteries  in  Ivansas  as  well  as  other  portions  of  the  West 
and  Southwest.  The  so-called  fire-clav*s  of  the  barren  coal-measures 
are  usually  impure,  and  cfjnsequenlly  fusible  and  Ukely  to  blister  or 
give  a  dark  body  after  burning.  The  true  fire-f^lays  liavc  also  been 
used  to  some  cxt«nt  f»>r  stoneware. 

Impure  shales,— Many  excellent  beds  of  these  are  found  in  the  coal- 
measures.  They  are  till  impure,  but  are  eminently  useful  for  makinj^ 
paving-brick,  sewcr-pipc.  drain-tite,  roofing-tile,  terra-cotta,  brick,  and 
hollow  ware,  but  they  are  not  usually  pure  enough  for  refractory  gooilH, 
stoneware,  or  white  ware,  and  their  main  use  has  been  for  paving-brick.^*. 
Nearly  all  of  them  make  a  fair  gnule  of  brick  by  any  process  of  molding, 
but  tlie  majority  Imve  to  be  finely  ground  or  weathered. 

In  their  phy.sical  projMTtirs  the  range  is:  average  tensile  strength, 
50  to  250  lbs.  per  s(\.  ui..  a«iually  between  125  and  175  lbs.;  water  re- 
quired for  tempering,  16  to  25  per  cent;  air-shrinkage,  4  to  8  iwr  cent; 
fire-eihrinkage,  1  to  10.6  per  cent,  but  usually  4  to  6  |>er  cent;  inciprent 
fusion.  1500"  to  17fK)*  F.;   vitrificati(m.  1700**  to  ItMXV  F. 

The  range  of  chemical  composition  is  given  by  Wheeler  as: 

Silica  (SiOa) 50-75 

Alumina  (Al^Oa) 10-27 

Ferric  oxide  (FejOa) 3-10 

Lime  (CaO) 5-2 

Magnesia  (MgO) 5-2 

Alkalies  f  Xa.O,  KjO) 3-4 

WaUrr  dhO) 5-12 

Total  tluxcfi ...t 10-15 
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Tertiaiy 

The  Tertiary  beds  occupy  a  small  area  in  the  southeastern  coriKr 
of  the  State.  They  contain  much  clay  admirably  adapted  to  etooe- 
ware  manufacture  and  which  is  dug  to  supply  local  potteries.  An 
important  deposit  is  known  at  Commerce. 

Pleistocene 

Pleistocene  clays  are  widely  scattered  over  the  State^  and  fonn  tbe 
main  supply  of  material  for  common  brick,  although  a  few  are  suffi- 
ciently pure  and  plastic  for  stoneware  manufactiu^. 

Three  types  are  recognizable: 

1.  Loess-clays,  confined  mostly  to  the  neighborhood  of  the  hrgs 
streams,  especially  the  Missouri  and  Mississippi.  They  are  yellow  to 
brown  in  color,  unstratified,  and  often  of  coliunnar  structure.  Their 
thickness  is  considerable,  75  to  100  feet  being  common  along  the  lower 
Missouri,  while  at  the  Iowa  line  they  have  a  thickness  of  200  feet.  The 
loess  extends  from  3  to  10  miles  back  from  the  streams,  and  appears 
to  get  stronger  as  the  distance  from  the  rivers  increases,  this  change 
interfering  with  its  being  worked  by  the  mud  process.  It  is,  however, 
the  most  valuable  of  the  surface-clays. 

2.  Glacial  clays,  of  varying  character,  confined  to  the  coimties  north 
of  the  Missouri  River  and  rarely  over  50  feet  thick.  The  material  is 
usually  very  strong,  red-burning,  and  often  contains  bowlders  of  con- 
cretions, but  occasionally  shows  beds  of  better  clay  suitable  for  stone- 
ware or  drain-tile. 

3.  Alluvial  clays,  found  along  the  present  streams,  and  of  little  im- 
portance. 

The  tables  on  pp.  361,  362  give  the  analyses  and  ph>'ical  tests  of  a 
number  of  Missouri  clays  which  may  be  regarded  as  representative.^ 

References  on  Missouri  Clays 

1.  Keycs,  C.  R.,  The  Geological  Occurrence  of  Clay,  Mo.  Geol.  Sur^*., 
XI,  p.  35,  1S9G.  2.  Keycs,  C.  R,.  Distribution  and  Character  of  Mis- 
souri Clays,  Min.  Indus.,  VI,  p.  127,  1897.  3.  Ladd,  G.  E.,  Notes  on  Cer- 
tain Undescriljcd  Clay  Occurrences  in  Missouri,  Science,  n.  s..  Ill,  p. 
601 ,  1S96.  4.  Ladd,  G.  K..  Mn.  Gcol.  8urv.,  Bulls.  Nos.  3  and  5.  5.  Sea- 
man, W.  H.,  Zinciferous  Clays  of  Southwestern  Missouri,  Amer.  Jour. 
Sci..  iii,  XXXIX,  p.  38.     6.  ^Vhecler,  H.  A.,  Clay-deposits,  Mo.  Geol. 


'  These  were  selected  for  the  uriter  by  Professor  H.  A.  Wheeler. 
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lurv.,  XI,  1S96.  7.  Wheeler,  H.  A.,  Clays  and  Shales  (Bevier  sheet), 
Mo.  Geol.  Sarv.,  IX,  sheet  rept.  No.  2.  p.  57,  IS96.  S.  Wheeler,  H.  A., 
Fire-clays  of  Missouri,  Amer.  lost.  Miu.  Eng.,  Bimoathly  Bull,,  Jim.,  1905. 


Analtsbs  of  Missomu  Glats 


SiUcaC8tO,) 

Alijmiua  (.AI/X) 

Ferric  oxide  {Fo/>i). . 

Uioe<CaO) 

Macneda  (MgO) 

jp»uah  CK,0T. 

~        (Na,0) 

isture 

Oomb.  water 


05  12 

30.71 

1.51 

0.54 

trace 

W.37 


10.56 


0.42 


7  04 


lU. 


54.90 

18.03 

6.03 

2.88 

l.tO 

3.40 

6.72 

O.dO 


IV. 


74.39 

12.03 

4. 00 

1.50 

1.S2 

3.01 


3.17 


V, 


43.82 

38.24 

0.23 

i.oa 


0.7» 


14. D4 


VI. 


71  W 

17.60 

2,35 

0.62 

0.50 

1.51 

1   01 
fi  27 


Vll 


&4.H0 

23.73 

S.67 

0  tM 

2.23 

3.80 


ti  00 


vm 


72.00 

n  07 

3.51 
l.HO 
1.35 

3.25 


6  42 


Silica  (SiO,) 

.Alumina  (AliOi) 

Ferric  oxhle  (FojOi). . . . 

Ltirw  (OaO) 

Mapieaa  (3icO} 

Pot«h(K,0) 

Soda  (Na,0) 

TiUnio oxide  CriO,)... 
Sulphur  trioxiae  (SOi). 

Mot.ituro 

Oomb.  water 


IX 


40.04 
34.  K5 

0  71 

1  33 
1.04 

lo  8S 


12.33 


65.01 

10.30 

4.91 

1.40 

0.40 

2.00 


1.03 
5- 51 


XL 


61.19 

15. IS 

5.49 

1.95 

1.56 

2.82 


3.11 

9.02 


XXL 


59.36 

23. -26 

3.06 

0.65 

0,42 

0.63 

l.Ol 

0.35 

2.74 

10.20 


XIU. 


00.70 

18  22 

7.58 

2,fiH 

trace 

3. 07 


7.77 


XIV. 


73  02 

11   6.^ 

4  74 

14.' 

0  60 

3.13 


2  If 

3  Of 


XV. 


43  .% 
41  4S 

0.35 
0  45 

0.20 


14.05 


PaY8ir.\.L  I'E.'iTs  OF  .Mistii»i:'ui  ("uavs 


>i%e  of  grain 

Aver,   tensile    strength 

llw.  per  fo.  ill 

%  HiO  for  pLwl  idty.  . . 
PUwUcity. 

Ali^hnnkagc,  per  oent. 
Fin>-iihtiakagG,  percent 

Sp«*«l 

Incipient  fusion, degs.  F 
Cnniplntofuaion^de^.  F. 
Vi-w^wity,  defpvM  P.  • . 
.Specific  gravity 


C* 

62 
14  A 
lean 

4  4 

6  I 
R. 
220)J 
2400 
2600 
2  46 


II. 


Ill, 


V.F. 

12 

2.'i,2 
lean 

4  0 

HA 

S. 

2200 

2.''00 


1.S9 


V.F. 

380 
22  3 
very 

pla.sUf 
9  6 
1   4 

S. 

irioo 
I7.W 
1900 
2.01 


rv. 


c. 

131 

17.2 
lean 

5.7 
4  3 
R. 
2(K)0 
2000 
2300 
2.09 


v. 


V.F. 

8 
15.1 
vcrj' 
leiin 

3.1 
11.0 

S. 
2350 
2700 
2700 
2  K5 


VI. 

VU. 

V.F. 

V.F. 

150 

115 

16  5 

21  5 

pl^tic 

plaatir 

5.5 

5  fl 

2.2 

2  S 

S. 

V.S. 

2100 

l.VK) 

23CK> 

\7W 

2500 

1900 

2  3-1 

2.37 

VIII. 

F. 

151 
IS. 4 
lean 

5.1 
5  7 
R. 
2000 
2200 
2200 
2  17 


*C.«<nu»c:  V.F.-T«ry  fioe;  F.-Ara;  B. -tlinr;  R^mpid:  V.&— verr  »)a*r. 
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Physical  Tests  of  Missouri  Clats — Continved 


Size  ot  grain 

Aver,    tensile   strength, 

lbs.  per  sq.  in 

*/c  H^O  for  piusticity  .. . 
Plasticity 


Air-shrinkage,  per  cent . 
Kire-shrinka^e,  percent. 

Speed 

Incipient  fusion,  degs.F. 
Complete  fusion, degs.F. 
Viscosity,  degrees  F. .. 
Si»ecific  gravity 


IX. 

V.F. 

198 
23.4 
plastic 

7.7 
9.8 
S. 
1800 
2100 
2400 
1.69 


X. 

c. 

92 
18.4 

Itly 
ean 
6.2 
S.5 
R. 
18S0 
2050 
2250 
2.41 


XI. 

XII. 

XIII 
C. 

XIV. 

XV. 

V.F. 

C. 

C. 

F. 

273 

78 

177 

173 

13 

23.1 

15.0 

20 

17.1 

15.2 

very 

plastic 

8.0 

lean 

plastic 

plastic 

veiykM 

6.3 

5.3 

6.3 

2.4 

1.6 

5.4 

8.3 

6.6 

8.9 

V.S. 

R. 

R. 

R. 

S. 

1660 

2250 

1700 

1800 

2400 

1800 

2450 

1900 

1950 

2700 

1950 

2650 

2100 

2050 

2750 

2.05 

2.41 

1.98 

2.39 

Localities  of  the  Preceding 


No. 

I. 

II. 

111. 

IV. 

V. 

VI. 

Vll. 

Vlll. 

IX. 

X. 

XI. 

XII. 

xin. 

XIV. 
XV. 


Locality. 


Mexico 

(Hen  Allen.  .  .. 

Norlwme 

Jefferson  City. 

LeuKburg 

Calhoun 

Kansas  City. . 


Dp  Soto 

Mohcrlv 

t>t.  Peler's 

St.  Ixjuis  (Kvens  and  Howard) 

rrnspect  Hill.  St.  I^niis 

St.  Ix>nis  (Hyd.  Pr.  Co.) 

Tniosdnle  (Kelley's  pit ) 


Geoloffical  Ase. 


Coal-measures 

Residual 

Pleistocene . . 
Coal-measures 


Coal-measures 


Residual 

Coa  1-mcasure.f 
PIci.stoccne  .  .  . 
Coal-nieasureh 


la 


Fire-brick 
White  ware 
Railway  ball&rt 
Red  bnck 
Fire-brick 
Stoneware 
Paving-brick 
Red  brick 
White  wore 
Paving-brick 
Railwav  ballast 
Fire-bnck 
Uoofing-tile 
Red  bnck 
Fire-brick 


Nebraska 


Acoordiiif;  to  K.  H.  l^arboiir  (Ref,  1),  this  State  contains  an  abun- 
dance of  clays,  the  most  important  beinp  found  in  the  Carboniferous  and 
Dakota  CYotaccous  formations,  while  others  occur  in  the  Tertiarj-  and 
Quaternary. 

Carboniferous 

Tlio  rocks  of  tliis  formation  (Hof.  2)  occupy  a  V-shaped  ar^a  in 
southeastern  Nebraska,  with  the  npox  in  the  vicinity  of  Blair,  and  the 
base  along  the  Kansas-Nebraska  line  from  a  point  near  Wyniore   to  the 
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3Iis=oiiri  River.  The  Carboniferous,  including  the  Permian,  consists 
of  iiuisiiive  grayisb-yellow  liincatoues,  ititcrstratified  with  clays,  shaleji, 
4Lml  an  occasioual  layer  of  coal.  "The  clays  are  usually  of  a  dull-blue 
<;o|<»r  iiilerbedded  with  streuks  of  red  and  buff-colored  sands,  but  there 
are  al«)  ihiii  layers  of  disintegrated  limestone,  calcile  concretions,  and 
sand.   .  .  . 

"FitKiuemly  these  thick  dep<t8its  of  clay  form  prominent  bliiflfs  ulnng 
eitlier  side  of  the  valley  for  mmie  distance,  especially  where  the  clay  is 
pin(i»H't«d  fruMi  erosion  by  sonic  overlying  layer  of  a  somewhat  harder 
material,  such  as  Hiuciilone.  .  .  .  Tticre  are  al»>  many  other  availuble 
clny-lwnks  along  the  Platte  and  Misstjuri  rivers,  notably  at  Xebraska 
City,  whcrt*  extensive  brick-works  are  in  oj>erjition,  utilizing  the  clays 
<rf  the  farbonifenius  for  vitrified  pavmg-brick.  Terra-c-otta  ware  has 
flls^t  IxMMi  made  here.  Other  localities  wlicif  the  clays  are  well  exposed, 
iind  in  some  cases  workwi.  an*  Mitiorsville.  Peni,  and  Table  Hock." 
Neiirly  all  of  the  best  fJe]M»sits  atnng  the  Missouri  River  in  southeastern 
iraska  are  located  along  the  Nebraska  City  branch  of  the  Burlington 
rxd  Mijiisituri  Railroad, 


Cretaceous 

The  Dakota  fonnation  rests  stratignipliically  on  top  of  the  Carbonifer- 

pus,  with  an  unconformity  between.     The  snrface  underlain  by  it  is  on 

he   west   and  northwestern  sides  of  the  Carboniferous  area,  forming 

strip    about    IW)    miles    wide   and  2iX)   miles  long.      It    also   forms 

belt    along    the    Missouri   River  north   of   the  CarlMtniferous   area. 

formation  consists  of  a  scries  of  shales  and  Kandston4<s,  but   the 

Ktter,  owing  to  their  higher  resistance  to  erosion,  stand  out  more  promi- 

ently.  so  that  the  mellowed  outcrops  of  the  shales  are  less  noticeable. 

shales  var>'  from  a  sandy  material  of  yellowish-brown  color  to 

ily  plastic  clays,  the  different  l)cds  showing  a  great  variety  of  col(»rs. 

i^iw-shaped  layers  of  sandstone  are,  however.  no(  iincf>mmon  in  the 

»le.     These  Dakota  clays  are  available  at  many  localities,  and  arc 

to  have  given  excellent  results  ft>r  both  jxjticry  and  brick  mami- 

ture. 

Loess  and  Alluvium 

The  great  bulk  of  brick  made  in  Nebnuska  are  manufactured  from 
_«!  and  alluvium  (Rcf.  3).  The  loess.  <ir  "bhilT-deposil  "  ils  it  is 
3mmonly  calle*!.  consists  of  a  light  buff-eolorerl  loiim.  of  generally  uni- 
onn  texture,  but  containing  some  shells.  It  is  foimd  over  about  half 
area  of  the  State. 
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ture.  wilh  iiilcrbeildeti  layers  of  Hne  saml  and  gravel,  and  is  beitiK  dei'<isite 
at  the  present  lime  in  narrow  strips  along  noarly  all  the  lai^  stneruii 
in  the  State. 

References  on  Nebraska  Clays 

1.  Barbour,  Nebr.  (5eol.  .Surv.,  I.  p.  '202,  1903. 

2.  Ciould,  C.  N..  and  I'ishex,  C.  A..  Ann,  Kept.  Neb.  State  Boanlf 
Agric.  for  1900,  pp.  185. 

;i.  Fislieij  C.  A.,  Ann.  Kept.  Neb.  State  Board  of  Agric.  for  1Q0( 
p.  l«l. 

New  Jersey 

Nearly  all  of  the  larger  geological  fommtions  in  the  State  coBtai 
deposits  of  clay,  but  the  important  ones  Ijelong  to  the  following.:  Ordi 
TO-iati.  TriartHic,  Lower  f'retaeeous,  Upper  Cretaceous,  Miocene  uu 
Plioceuc  uf  Tertiary  and  I'leistocgne. 

Cambrian  and  Ordovician 

The  Cambrian  and  Ordovician  rocks  include  beds  of  limo£tone«  a; 
shales  with  soino  beds  of  sandstone  and  quariziie.  and  occur  chiefly  i 
Warren  aiitl  Sus.sc.\  co,:«lies  in  the  great  Kittutiriny  X'jdiey,  but  a, 
found  also  at  a  few  otlier  localities.  Southwest  of  the  temdnal  monun 
(Fip.  57)  the  liioestoiie  yields  u  sticky  yellow  renidual  clay  with  Bint 
and  that  wurkwl  near  Be^ttystnwn  is  of  this  cluiracler.  The  jhidl 
also,  where  found  south  of  the  moraine  is  often  deeply  weaihercd.  ac 
at  INiit  Murray  is  utiU/.cd  for  the  rTiniinfncture  of  MrcpnKifinp.  Tl»ei 
it  is  found  to  be  reil-l)\irnitig,  uf  low  pliusticity,  and  fu.siug  about  eime 

Triassic 

The  Triassic  or  Newark  series  consists  chiefly  of  i-cd  shnJen  and  suih 
stones  with  masses  of  trap-rock,  and  forms  a  belt  extending  am 
the  Stiite  between  the  Highlands  on  the  northwest  ami  Cretaceous  i 
the  southeast.  In  places  the  shale  has  rlisinte^ruted  to  a  sandy  ela; 
fitiil.  which  has  been  used  locally  for  coitnnoii  brick,  but  the  frc-^h  Am 
has  in  most  cases  been  found  tmi  sandy  to  make  into  clny-pr«.Kiur' 
although  at  one  point.  Kingsland,  the  shales  have  been  used  with  ap(a 
ent  success.  They  burn  to  a  hard  red  brick,  hut  fuse  at  a  low  e 
and  an*  not  highly  plustic. 


Kio.  ft?.— Map  of  Now  Jer!*oy  •thowing  disiribiition  of  itnpnrtHnI  clay-beariiig 
rorti)alion>f.  (Adapted  iruiii  map  Uy  Kuiimipt  und  ivimpfi,  N.  J.  Cic-ol.  I5urv. 
F-in.  R<?pl.,  VI.  IflOl.) 
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■  The  New  Jersey  Creuceoas  is  divisible  into  three  parts,  which,  begii*- 

■  ning  at  the  bottom,  are:  I.  Clay  series  of  Lower  Cretaceous;  2.  lb>- 
marl  deries  of  L'pj^r  Cretaceous;  and  3.  Glaucdiiitic  nijirl  flerits  («*■ 
I'ig.  o7J.  Of  these  three,  the  first  toiuaiiu  many  inii^ort&nt  pU>- 
Ueposits,  ihc  second  some  clays  of  economic  value,  bui  the  thiid  tf'i 
no  iinfre>l  In  the  prew'nt  (Uscurssiiin. 

Lower  Cretaceous  clay  series. — This  was  temieU  ihc  Raritan  nr 
I'lastic  Clay  series  by  Dr.  Cook  (1878)  and  consists  of  u  nutnber  m(  Ui:; 
of  clay,  sand,  and  even  gravel.  The  rlayw  show  great  \nricty.  ran;; 
from  nearly  wliite  nr  steel-blue  fire-clay  "f  higli  i.|ualily  tn  blaclc  auiiii- 
cluys  containing  varying  unifiunts  of  pyrite,  and  useful  only  for  romnnirt 
brhk  manufarturL'.  A  slmihir  variiitiun  is  found  in  the  sAfid-beda  A 
peculiar  feature  of  the  Uaritun  series  is  the  rapid  alternation  of  stnfi. 
so  that  the  clays  often  change  suiidenly,  both  vertically  and  horizoutallt 
much  as  shown  in  Fig.  3.  This  fact  often  tnnkes  it  uncertain  whctlwr 
two  pits  sunk  within  a  short  distance  of  eucli  other  will  yield  the  s*"* 
kinds  of  clay. 

Nothwitlistanding  these  frequent  changes  in  character  and  tt» 
irnixissibtHty  of  establishing  divinions  in  tlie  Karitan  series,  which  ran 
be  accurately  identiiie<I  at  widely  separated  iniervaU,  it  is  poesible. 
nevertheless,  to  re<'i^ni2e  ccrtiiin  divisions,  whose  gcnenil  feutun.'suv 
sufficiently  persistent  to  permit  their  k}eiiig  traced  thrniighoui  ilie  t^voh 
of  Miildlesex  County  in  which  the  beds  have  tjeen  so  extensively  workH 
In  other  areas  these  sulxlivisions  do  not  seem  to  hold. 

The  boutuhtry  between  the  upper  i)art  of  the  Raritjin  clay.s  an.:  tut 
overlying  cluy  marls  is  ca.«*ily  rerognizetl.  the  upper  \iet\  of  the  fnmjw 
l)eing  a  loo.se  sand  or  sandy  clay,  while  tlie  lower  l>od  of  the  latur  B 
a  glftueonitic  play,  black  when  fresh.  ])iil  msty  bmwn  when  weatbcmJ- 
and  often  fossiliferous.  Underlying  tlie  J^aritan  Ijcds  is  the  Tru»* 
shale. 

The  llaritan  .series  occupies  a  broad  t>clt  (Fig.  57)  extending  fmn 
Raritan  Bay  ucmss  the  State  to  Trenton  and  iVirtlentown,  and  a  nmi 
narrower  strip  along  the  Delaware  River  to  Salem  County.  Over  W 
of  its  outerop  acr<t.ss  the  State  it  is  covered  by  later  formations. 

In   the  Middlesex   Counly  area   the  Raritan   is   di''-**-*-  = 
members,  which,  beginning  at  the  bottom  together  with 
are  as  follows: 

I.  Harilnn  cluvs.    This  member  carries  lM)th  a  fire- 


fc*jo.  2.— Pleistocene  brick-cUy,  U!tl«  Ferry.  N.  J.     (Aflcr  H.  Ries,  N.  J.  Gcol 

tSurv.,  Kill.  Rept.,  VI.  p,  37-1,  1!K)-I.) 
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elay.  The  former  ia  usually  drub,  but  sometimes  motllod  or  blurk, 
ft&d  generally  quite  sandy.  It  is  duj^  amund  Sand  Hills,  and  Rparingly 
It  NNiwHll-rid^'  imd  Mill  Iiii>ok.  Irs  tniiiti  use  is  for  firc-V>rick.  and  it3 
eirnrtoriuess  i;?  u-suully  about  totu!  27.  The  potter's  clay  is  a  while 
4r  blni«h-wliitc  clay  of  variable  color  and  compusitinii.  U  is  worked 
fciST  nf  Martin's  DiK-k  nml  Hiuth  of  MetiK'hrn. 

2.  No.  I  fire-siiiid.  ti  Ijed  of  (lUHrtz-.saiid. 

3.  WonibriJge  clnys.  This,  the  most  important  member  of  the 
KMrttari  series,  consists  of  an  upper  IkvI  of  bhirk.  Inniinated  sandy  clay, 
U(id  a  lower  bed  of  fire-cla)-.  Tlie  laminated  clay  Ls  red-burning,  plitstic, 
ttui-l  contains  more  or  less  lignite  antl  pyrite;  it  ia  exteiwivcly  worked 
for  the  manufactiirx'  of  (ireproofin);,  common  Ijrick.  r'onduits,  et^..  and 
lar^e  pits  liavL*  been  o|>ened  in  it  around  South  River,  ^^ayreville,  and 
o»her  point.-^. 

The  iiri'-clay  nmpes  fronv  a  fine-prained  clay  (if  hijih  plasticity  and 
^ii?h  refractoriness  (cont*  3ri)  to  sanily  days  of  lower  jcrade  ftising  at 
•one  27.  It  can  !«•  slaletl  in  ^enend  that  the  lied  is  less  refractory  at 
Ihc  sontliwest  end.  Tins  day  is  u,se<l  in  the  marnifartiirc  of  fire-hrick, 
presse<l  brick,  ivlorls,  stoiiewun?.  and  as  an  ingredient  in  firejjrooliiiK 
and  conduits.  A  small  amount  du«  near  WoiwlbridKe  i.^  snfficientlv 
Fwliite-burnin^  ami  n*fractory  for  white-wartr  nmnufacture. 

4.  No.  2  sanil.     Included  in  thU  sand  formation  are  iwo  Iniportunt 
lis  whose  names  are  somewhat  mlsleatlinjc,  namely,  the  feldspar  and 

Fkaolin  Ijeds.  The  Ji'MsfKir  b  a  coarse  feldspathic  sand  or  jrravel  with 
ni  trtr  or  less  rieeompnsed  feklspar  and  ptrllels  ()f  white  clay,  while  the 
kti'Ain  is  not  in  any  sense  such,  but  is  a  micareoxis  (]uartz-sand. 

5.  South    Acnboy    (iiv-i-Iuy.     This    oulcrops    chiefly    south    of    the 
*ntan  Hiver  between  Sayreville  an<i  H(juth  Amboy.  but  is  also  found 

[lit  w^veral  points  north  of  it.  ll  is  pcnendly  a  wliite,  lipht  blue,  or  re«i- 
I  inottleil  clay,  rangin;^  from  \h  to  'M\  foer  in  thickness,  and  var>*ing  greatly 
[in  its  quality.  Its  refractoriness  is  moderate. 
G.  No.  3  sand. 

7.  Ami>oy  stoneware-clay.      An    tmpoitant  betl  of  st<meware-cluy. 
|bes(  exposed  southeast  of  South  Amboy.     Like  the  other  meml)ers   it 
\^R  r)f  variable  character,  but  the  better  grade-j  are  used  for  stoneware. 
s.  Limin.'ited  .sumls  of  little  value. 

0.  Cliffwoocl  lignilic  sjinds  and  clays.     Tliese  form  a  series  of  l>eda 

lof  massive  black  clay  and  gray-black  laminated  sands  and  clays,  which 

often  carry  lignite  and  pyrite.     They  are  e.xtensively  e.vposetl   in  the 

brick-pits  around  Cliffwooil  and  along  Cheesec^uake  Creek,  and  are  all 

refl-buming. 
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The  ether  Rjintan  areas,  uruuiid  Trenton,  Burlington,  BordeiUoKO, 
Bridgeboro.  etc.,  afford  clays  of  refractorj'  oharacter,  but  it  is  not  !>«- 
sible  to  correlate  the  sections  with  those  of  Middlesex  County.  The 
llaritan  formation  is  by  far  the  most  ini[K>nanL  day-beuring  fornout'toii  m 
New  Jersey  containing  as  it  does  such  u  wide  nmge  of  materials.  Evt-u 
hasty  coiisidcraliaii  of  the  \isc25  to  which  they  are  put  indicates  itt  a 
measure  what  a  witlc  range  of  materials  ntu-st  be  contained  within  tlio 
limits  at  the  Uaritan  strutu,  for  among  the  products  rnaUe  from  tbcefi 
clays  are  common  brick,  fireproofing,  driiin-tile,  conduits,  lerm-futta, 
front  brick,  lirc-hrick.alonewure,  cnrthcnwarc,  tvilw.  and  sinks,  foundry 
materials,  pajier  filling,  etc.  The  physical  test*  and  chemical  analp 
on  ]>]).  '67'2  :uid  :S7-I  will  serve  to  j^ive  a  goml  idea  of  their  character. 

Clay-marl  series. —  The  outcrops  of  this  scries  extend  fnmi  tbi 
shores  of  Hjiritan  Bay  across  the  State  in  a  southwest  direetion  to  the 
Delaware  Kivcr  niirlh  of  Saleni,  forming  a  bcH  var\iM)E;  in  width  frnm 
2J  to  S  milfjs.  Its  biise  is  niiirked  by  a  gluuconitie  SMiiily  rhiy  whith 
weathers  tc»  a  cliaracterislic  cinnamon-brown,  indunrtcH  earth.  Thfl 
top  is  emphasized  by  the  ptissage  of  a  bed  of  louse  reddish  sand  with 
quartz  grains  f>f  pea  size  into  a  comjiact  greenish  marl.  At  many  point 
a  fossil  bed  I  io  4  feet  thick  is  present.  Five  members  nre  recogniwibte 
as  fnllow.s* 

1.  Black,  sandy,  often  glauconitic  clay,  weathering  cinnamon-brt>vrnj 

2.  Black,  non-glauconit ic  clay,  weathering  to  chocolate. 

3.  Varirolorcil  sand.s. 

4.  Black  hiniinatcil  sand  and  day,  strongly  glauc>onitic  to  the  south 
vest. 

5.  Red  quartz-sand.     Top. 
Both  Nos.   1  and  2  are   important  sources  of  brick-  and  soroetii: 

tile-clay,  the  former  being  worked  near  Camden,  KejTsort,  Ilightstownj 
etc.,  and  the  tatter  near  Matawan!  Kinkora,  Maple  Shai^le,  Camden,  etc 
Indeed,  the  two  are  sometimes  workoLl  in  the  same  or  adjoining  banks. 

Tertiary 

The  Tertian.'  clay-deposits  occur  in  scattorol  areas  lying  to  the  sout} 
east  of  the  T^wer  ('retarooit.s  Violt.     They  are  lieds  of  irregular  fn 
"with  a  tendency  toward.s  lia.-^in-.^haiwd  structure.     Owing  to  the  alrnt* 
universal  mantle  of  sand  aver  lliis  region  and  the  flatness  of  the  surfac 
prospecting  for  tho  deposits  is  rendered  more  or  lew  <lifficult. 

The  r}ay-<Ieposits  recognized  in  the  recent  work  of  the  New  * 
Geological  Survey  are  the  Cohansey,  Alloway,  and  Asbury  elaya 
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OilmtLsoy  IS  neuUy  a  sand  formaliou,  but  carries  many  lenses  of  clay 
whicli  uveruge  a  to  lU  feel  m  thickuess.  Tlit-y  occur  in  the  soutUerD 
portuHi  uf  the  Stale,  in  Ocean  aucj  Atlantic  counties,  in  suuthern  Burling- 
ton, Caiiideii,  and  Gloucester  counties,  and  in  Central  Cunil>crltuid  coun- 
ticei.  I>e|Hwit-s  liavc  been  worked  at  l{<»senhayn,  Millville,  May's  Land- 
ing, WtKxlmansie,  Whitney's,  etc.  The  clays  are  whit«,  yellow,  chow- 
lat«,  and  black,  and  sometimes  even  lignitic.  Many  are  bufT-buriii: 
and  semi-rufraotory,  oti  whicli  account  ihey  are  much  sought  after 
the  manufacture  of  buff  bricks  and  tcrra-cotta. 

The  Alioway  clay,  whit-h  extends  from  nour  Swans  Mills.  Gloucester 
County,  t<i  a  point  2  miles  south  ttf  Allowuy  in  Salem  County,  is  a  light- 
brOA'n  clay,  of  great  toughness  and  high  plasticity.  Where  weathered 
it  contains  many  joints  often  filled  with  iron  crusts,  which  great  ly  diminish 
its  value.  The  Alloway  clay  is  a  red-  and  dense-burning  material,  of 
rather  high  air-  and  fire-shrinkage,  but  excellently  adapted  to  the  manu- 
facture of  stifT-mud  brick  antl  drain-tite. 

The  Asbury  clay  is  well  exposed  west  of  Asbury  Park,  and  is  usually 
u  tiark  sundy  clay  with  laminaB  of  sand,  adapted  only  to  common-brick 
mauufucturc. 

Pleistocene  Clays 

rieistocene  clays  are  widely  scattered  over  the  State.    To  the  north 
•of   the  terminal   moraine  (Fig.  57)  they  consist  of  6r8t,  basin-shaped 
is  occurring  in  the  valleys;   second,  stony  clays  or  till  found  in  the 

cial  drift  (I'l.  III.  Fig-  I):  niid.  third,  estuarine  clays,  occurring  in 
great  abundunco  in  the  vicinity  of  Hackensack  (PI.  XXXII,  Fig.  2). 
They  are  all  impure  materials  adapted  in  most  cases  only  to  tlic  manu- 
facture of  common  brick  or  drfiin-tile. 

In  the  region  s<iuth  of  the  terminal  moraine  the  most  important 
•days  are  those  of  the  Cape  May  formation.  These  clays  occur  in  a  sand 
'Abd  gravel  formation,  found  underlying  terraces  along  the  rivers  from 
the  coast  inland  to  an  altitude  of  from  40  to  60  feet.  Along  the  Dela- 
ware River  Ihey  are  specially  prominent,  but  other  points  areCnhansey 
Creek  near  Ilridgeton.  ihe  Maurice  Uiver  south  of  Millville,  etc.  The 
beds  of  clay  are  usually  of  limited  extent  and  grade  into  sand. 

The  Cape  May  clays  are  of  value  chiefly  for  the  manufacture  of  red 
brick  and  drain-tile,  but  occasionally  small  lenses  of  bulT-burning  clays 
are  found. 

rp  to  the  present  time  no  fire-clays  have  been  found  in  the  Cape 
Mnv  formation. 
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In  the  following  tables  will  be  found  the  analyses  and  physical  tests 
of  a  number  of  representative  samples  of  New  Jersey  clays: 


Analyses  of  New  Jersey  Clays 


Sand 

Combined  silica  (hiU^). 

Alumina  (Al;>Oa) 

P"erric  oxide  (be^Ua). . . 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (K;0) 

Soda  (NaiO) 

Titanium  oxide  (TiOj). 

If^nition 

Moisture 


66.67 

18.27 
3  II 
1.18 
1.09 
2.92 
1.30 
0.85 
4.03 


II. 


G(k66 

14.15 
3.43 
2.15 
0.38 
2.32 
1.38 


8.40 


III. 


77 .  71' 

15.74 
0.49 

trace 
0.81 

trace 

trace 


IV. 


5.62 


72.37 

14.40 
3  43 
0  75 
0  49 

I1.6O 


6.70 


V. 


66.1 

22 
1 
0 
0 


.07 
.31 
.50 
.25 


1.81 


.94 


M. 

I  :o 

42.  tU 
0.86 


,0.26 
"  0  IS 

1.20 
13.50 

1.10 


Sand 

Combined  silica  (SiOj).  .  . 

Alumina  (Al/>3) 

Ferric  oxide  (Fe^Os). . . . 

Lime  (CaO) 

Magnejiia  (MgO) 

Potash  (K,0) 

Soda  (Na/:))..... 

Titanium  oxide  (TiO.j).  .  . 

Ignition 

Moisture 


VII. 


5.20 
40.40 
3S.40 
1.20 
0.2*> 
0.25 
0  59 


12.50 

1 .  ;j() 


VIII. 


64.00 

29.08 
1.12 


2.64 


* 
G.80 


IX. 


/8-10 

\39.K 

36.34 

1.01 


0.04 

0.15 


12.90 
1 .  20 


X. 

XI. 

.60.U 

51.5<I 

23 .  23 

33 .  13 

3.27 

0.7S 

1.00 

trace 

0.67 

trace 

2.58 

trace 

0.80 

trace 

1    91 

8.54 

1 2 . 0(1 

xu. 


fiS.SS 

20.11 
1-71 

0-73 
2.58 

1  ni 

Sand 

Combined  sib'ca  (SiO.-).  .  .  . 

Alumina  (.\l,On) 

Ferric  oxido  (Fo.Ori) 

Lime  (C:i(  H 

MiiEni\si;i  (MgO) 

Pota.-ili  (K,<)) 

Soda  {Xa.OV  ,. 

Titanium  oxide  (TiO.;).  .  .  . 

Ignifion 

Moisture 


XIII. 


XIV. 


XV. 


xvr. 


51  ,  bO 

20 .  00 

IS  92 

0.88 


O.-IS 


4S.40  \ 
19.44  f 
21  .S3 
1  ,57 
0-2K 
0  24 
2.24 


G.70 
0.50 


". .  (to 
0  SO 


xvi:. 

(;s.'.>i-. 

17>7 
3,27 
0  2.'. 
n  2.i 

V2  30 
r.  9'> 


♦  With  .Vjliij. 


LucAUTica  or  tbb  1'hecedino 


No. 

LncJililv. 

GttnloKiOvl  Am. 

Um. 

Iter. 

1. 

Pleistocene. . .  . 
Clay  Murll 

B  .-{73 

n. 

B306 

III. 

H.  Hylu>ii,  P&luivrn 

Raritan 

Fire-bricks  . . . 

B3U2 

IV. 

A.  K.  Burchem,  Biirknhut«m.  .  . 

B415 

V. 

Clayvaie    Min.    A    Brick   Co., 

Cohonsey 

.South  Aniboy, 

B409 

VI. 

Raritan 

AlOS 

Vll. 

Crcisdmun  Clay  Co.,  Sand  Hills 

do. 

\o.  ]  fire-clay 

A  135 

viii. 

Wtiodhridgc.   .  .  . 

■ro[>-whit«  clay 

A  145 

IX. 

R.  N,  and  H.  Valentine,  Snnd 

Hill* 

Wottdljridge  .... 
Woodbridgo  .... 

Fire-bricks  . .  . 
Common  brick 

A  154 

X. 

Sayro  and  Kixher,  Suyntvillo.  . . 

B467 

XI. 

No.  1  fire-clitv,  Annotw  and  I'ot- 

It 

Fire-brick. . .  . 

B44I 

XII. 

W.  H.  Biirrv.  Woodbridge 

W.  H.  Cittcr,  \Voodbri*5cc 

it 

Sewer-pipe, .  .  , 

A    82 

K^  III 

t* 

Hall-cluy 

B443 

Exiv. 

W*.  B.  Dixon,  \V<K>dl»ridge.  .  ,     . 

Raritan 

A    79 

Ixv. 

Gxtru  sandy  clav,   IvfuiKh  ridge 
and  Powers,  \V  oodhriagc.  . . 

( 

Woodhridge  .... 

Fire-clay. .  . 

A  93 

Bxvi. 

S.  A.  Meeker,  WtHidhridgo 

D.  Haines  &  Son.  Yorktown 

"           .... 

Stoneware-clay 

A  09 

KVII. 

.\Uoway 

Brick  and  tile 

R498 

A.  R«[wn  on  Qtive  a(  New  Jerasy,  1878.         B,  N.  J.  GeoL  Burv.,  Hu.  R«pl..  VI,  1004. 
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Phtsical  Tests  of  New  Jersey  Clats 


Per  cent  water  required 

Air-shrinkage,  per  cent 

Plasticity 

Average  tensile  strength,  lbs.  per  sq.  in. 
Cone  05  (  ^jre- shrinkage,  per  cent 

^  Absorption,  per  cent 

I  Fire-shrinkage,  per  cent 

I  Absorption,  per  cent 

Fire- shrinkage,  per  cent 

J  Absorption,  per  cent 

Fire- shrinkage,  per  cent 

^  Absorption,  per  cent 

Cone  of  viscosity 

Color  when  burned 


Cone  1  < 
Cone  5  J 
Cone    8  J 


1. 

H. 

18.5 

21 

*> 

2 

low 

fair 

51 

150 

1.6 

2 

16.14 

6.56 

4.6 

— 

8. 82 

— 

3. 20 

— 

— 

1 

red 

red 

III. 


20 
5.3 
fair 

65 
1.3 


1.3 
14.52 
2 

12.82 
27 
buff 


IV. 

32 

7 

fair 

52 


3 

19 .  60 
5 

16.75 

—  U.6 


V. 


33 
3.4 
fair 


'S4  -r 
biiff 


6.2 

4.6 
7.14 
4-H 
white 


Per  cent  water  required 

Air-shrinkage,  per  cent 

Plasticity 

Average  tensile  strength,  lbs.  per  sq.  in. 
Cone  015  \  t''''^s*ii''"kage,  per  cent 

\  AI)sorptic)n,  per  cent 

Fire-shrinkage,  per  cent 

,  Ab.sorption.  per  cent 

'  Fire-shriiikuge,  per  cent 

^  Ab.sort)tion,  jtor  cent 

'  Fin'-sliriiikage,  per  cent 

^  Alisorpfion,  pur  cent 

Couo  of  vis<'()^ity 

Color  when  ImrTinl.  .  . .  ,  ,     , 


Cone  1 
Cone  5 
Cone    8 


VI. 

VII. 

\1II. 

I 
IX. 

25 . 5 

33 

33 

30.5 

4.4 

5 

4 

6.5 

fair 

fair 

good 

good 

48 

41 

72 

88 

1.5 
17.93 

— 



— 

— 

— 

6.6 

3 

— 

— 

10.17 

13.61 

13.6 

7.1 

7 

3.7 

7.07 

13.74 

9.30 

9.98 

13.8* 

11 

8 

6 

f).47 

9,10 

— 

10.70 

32 

34  + 

12 

12? 

ixiff 

biiff 

ret! 

reil 

X. 


20 
6 

good 
I. =6 

1.3 
16.54 

2.6 
12. 6S 

2.3 
10.17 


.S 
ret! 


Cone    1 
Cone    5 


Per  cent  water  rei|uirod 34 . 9 

Air-slirinkage,  per  cent 10 

Pl.isticity high 

Averago  tonsilo  strength,  lbs.  per  .sq.  in.        2SG 

ConP  n^  /  Firo-shrinkag.'.  per  cent 3.3 

i,one  u.-)  j  Absorption,  per  mit 11  .12 

Firo-shriiikaffo.  ppr  cent 3.3 

Absorption,  jmt  rent 9.92 

Firo-shrink:iKe.  per  cent.  .  . . 

Absorption,  per  rent 

/-I  o  r  Fire-slirinkagp,  per  cent.  . ". . 

uone    P^  Absorption,  per  cent 

Cone  of  viscosity 10 

Color  when  biimod |  rn! 

I 

•  Cone  10. 


XI. 


XII. 


27 
7.G 
high 
229 
1 
13  42 
2.7 
S.9 


.-) .  I 
1    21 
V2+ 
red 


XIII. 

23.4 
8 

high 
293 
.3 
11.65 
3 . 3 
0.2 
4 
4 .  30 


buff 


XIV. 


27.2 

7 

high 

291 

3.3 
12.46 

6 

5.5 

3.51 


red 


XV. 


6 

g«XKi 
IftS 

4.3 

7.8S 
S.6 
.10 


3  + 
rod 


VI. 

vn. 

ViU. 

IX. 


X. 

XI. 

XII. 

XIIl. 

xiv. 

XV. 


Budd  Bros.,  Camden 

One  mile  soutti  of  CoUiagawood. . . 

Vorktowii ., 

Muv's  Landing 

A.  Vl  Biirchein,  Duclcahutem. . . . 
Liltlo  Ferry 


Rer.  A.  N.  J.  O^tA.  Surv..  Fin.  Uppt..  Vt.  ri  507;  B,  An..  (..  374;  C.  Ho.,  p.  3W;  D.  Ho.,  p. 
»i  E,  •lo,.  p.  *42:  F..  (k>.,  p.  447;  G.  Ho.,  p.  440;  H,  do.,  p.  4417;  I.  do.,  p.  474;  J,  ilu.,  n,. 
il  K.  do.,  p.  897;  I^.  -K.  p.  496;  .«.,  do.  p.  370;  N  .  do.  p.  4U;  O.  do.,  p.  373. 

New    Mexico 

Adnlie  brick  are  made  at  many  poiiils  from  the  calcareous  valley 
clayy,  and  coimiion  bui'iicd  Ijrick  are  also  iiiaimfacLurwl  aL  difTert'iit 
puinU.  The  Cretaceous  shales  at  Las  Vegas  have  yielded  g^xxl  results 
with    the   dr>'-pre.sH   brick    process.     FireK-Iaya    have   been   worked   at 

;arro  and  were  formerly  made  into  fire-brick. 


^witl 
■poc< 


New  York 

The  greater  portion  of  New  York  State  is  underlain  by  sedimentary 
rocks  of  Pulffiozoic  age,  ranging  from  the  Cambrian  to  the  Carbimlferoia 
inclusive.  These  cunsist  in  very  large  part  of  sliales,  but  sjindstoncs 
and  limestones  are  at  times  prominent.  The  Creraceoua  and  Tertiary 
formations.  s*>  abundant  in  States  farther  south,  nro  found  in  New  York 
only,  on  Statcn  Island,  Long  Island,  nnd  I'ishcr's  Island. 

Overlying  all  of  tlie  above  arc  Pleistocene  deposits.  Residual  clays 
are  mre.  The  clay-deposits  of  the  State  may,  therefore,  bo  grouped  as 
follows:  Residual  clays,  Palaeozoic  shales,  Cretaceous,  and  Tertiary 
clays,  Pleistocene  clays. 

Residual  Clays 

These  are  of  but  little  importance  in  Xew  York  State,  and  may 
be  passed  over  with  the  statement  thjit  some  deposits  of  kaolin  have 
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been  found  east  or  soulheast  of  Sharon,  but  so  far  as  known  none  have 
ever  proven  of  ecouumic  value. 

Palaeozoic  Shales 

Those  occurring  in  New  York  State  and  ineUujing  \)cds  of  \'alup  to 
the  clay-worker  belong  to  the  Medina,  Saliua,  Haniilton,  Portage,  and 
Chemung.  The  Huilajri,  CHnton,  and  Ninj^ara  formationft  are  of  little 
or  no  vahic  fcir  the  manufacture  of  clay-pnHiupttt.  All  of  these  8hale 
furnialiiins,  with  the  exception  of  the  Hudson,  form  bands  of  \nriable 
wiilth  extending  across  the  State  m  an  eiist-west  direction,  and  their 
distribution  can  best  be  seen  by  reference  to  the  geologic  map  of  New 
Vorkj  from  which  it  will  appear  that  the  oldest  formationa  outcrop 
towards  the  north,  in  belts  running  parallel  to  Lake  Ontario.  Tlieir 
characters  arc  hrleHy  as  fallows: 

Hudson  River  shale.— This  formation,  although  widely  distributed 
in  the  eastern  part  of  the  State,  is  of  no  economic  value  for  the  uuiuu- 
fncture  of  clay-products,  since  it  is  deficient  in  plasticity  and  is  very 
siliceous. 

Niagara  shale. — This  also,  on  account  of  its  calcareous  and  siliceous 
character,  is  "f  little  or  no  value. 

Medina  shale. — AUmp  the  Niagara  Uivcr  at  Lcwiston^and  aleo  alon^ 
the  Genesee  Kivcr,  there  are  outcrops  of  this  n>ck.  It  is  not  utilizeiJ 
in  New  York  State,  but  has  given  good  result*  for  dry-pressed  brick  ia 
Ontario. 

Clinton  shales. — These  arc  about  30  foet  thick  in  places,  notably  in 
eastern  Wayne  County,  and  24  feet  thick  at  Hochester  and  Wolcott 
FiU"nace,     They  have  not  been  used  and  are  probably  often  calcareous. 

Salina  shales. — This  series  forms  a  belt  extending  from  S>tbcusc 
westward.  The  shale  is  soft,  weathers  easily,  and  possefisee  go«i  plas- 
ticity,  but  may  be  quite  calcareous,  and  not  infrequently  carries  lumps 
of  selenite.  It  is  red-burning,  and  used  for  common  and  paving  brick, 
drain-tile,  or  conduits. 

Hamilton  shale. — Though  extending  from  the  Hudson  Rix-er  to  Lake 
Erie,  this  formation  shows  c^msiderable  Hthologic  variation  ranging 
from  a  sandstone  to  a  clay-shale.  The  latter  phase  is  more  comm<m  in  the 
western  part  of  the  State.  It  is  worked  for  paving-brick  at  Cairr),  Greene 
County,  find  beds  of  good  quality  are  known  at  Windom,  Erie  County. 

Portage  sbale. — This  ovprlies  the  H.imilton  stratigraphicalJy,  and 
hence  outcrops  to  the  south  of  the  Hamilton  belt.  It  consists  of  shales 
and  sandstones,  the  former  being  well  exposed  along  Casbaqua  C«*k, 
also  along  Seneca  Lake  and  at  Penn  Yan,  but  becomes  ver>*  gritty  cast 


Chemung  shale.— This  somewhat  extensive  shale  f  :  imti  m.  the  inost 
southern  in  New  York  Stjitc.  has  been  utili«e<l  ut  severul  jioinls  for 
making  clay-pnxlucts.     At  Oiriiiiig  (PI.  XXXIU.  Fia;.  I)  It  is  qurirried 


37S 


CUWS 


"paving-brick,  at  Alfred  Center  for  roofing-tile,  and  nt  Eimira  (orj 
eoinmon  brick. 

Cretaceous  and  Tertiary  Clays 
Theee  include  the  Cretaceous  clays  of  the  Coastal  Plain  re^oo 
Long  Island,  St-aten  Island,  and  Fisher's  Ittlaml,  as  well  as  som* 
of  possible  Tertiar}"  age,  but  the  deposits  are  oi  exceedingly 
character,  ranging  from  ferruginous  ones  to  others  of  good  Pefraeltm- 
ness.  They,  moreover,  partake  of  the  character  of  other  ('•  ■  '  H 
clays  in  being  often  of  highly  siliceous  character  as  well  a- 
lens  shaped  in  form.  The  more  important  points  at  which  these  claj 
«re  exposed  are  at  Kreischervijle,  Staten  Island;  Little  Neck  ofttrl 
Northport.  West  Xeck,  Oyster  Bliy,  Wyandanee.  and  Farmingdhlf.] 
Long  Island.  All  of  these,  except  the  first  two,  are  adapted  only  U>  Ihei 
manufacture  of  common  brick.  The  deposits  at  Glencove  and  Nortb-] 
port  h&ve  been  worked  for  a  nimiber  of  years,  those  of  the  lattej*  IocaJj^ 
having  been  used  for  fire-brick,  stove-linings,  and  stoneware. 


Pleistocene  Clays 

These  can  be  divided  into  four  groups,  namely,  (!)  morainal  claysr 
(2)  lacustrine  days:    (3)  pond  dep<tsits;    (4)  esttiiirine  dejjosits. 

The  morainal  clays  are  a<;ually  too  stony  to  he  of  any  value,  although 
at  Newfield,  Tompkins  County,  one  tens  in  the  moraine  has  been  worked 
for  fifteen  years. 

The  lacustrine  clays  were  laid  down  fluring  fxwt-Glacial  time,  when 
the  waters  of  Lakes  Erie  and  Ontario  were  tlammed  up  to  the  north  by 
the  retreating  continental  glacier,  and  spread  over  the  laud  in  the  western 
and  northwestern  part  of  the  State,  much  clay  being  deposited  during 
this  time.  These  clays  underlie  the  flats  around  Buffalo,  Laocanter, 
Tonawanda,  and  other  places  in  western  New  York,  and  are  used  for 
making  brick  and  drain-tile.     They  often  contain  lime  pebbles. 

The  pond  deposits  are  widely  distributed  throughout  t  he  StAte,  being 
^ound  in  many  of  the  flat-bottomed  valleys.  They  arc  prevailingly 
impure,  often  contain  sandy  streaks,  and  are  rarely  deep.  Moat  of 
them  burn  red  and  are  worked  for  common  brick  or  tile,  but  hollow 
brick  are  also  manufactured. 

The  estuarine  clays  are  confined  to  the  Hudson  River  and  Ch&mplaiQ 
Valleys,  and  were  deposited  during  post-GIacial  times.  They  form  im 
extensive  and  often  thick  dep^wjit,  which  underlies  the  terraces  border- 
ing these  valleys  (PI.  XXXIII.  Fig.  2).  The  -section  usually  involves 
-an  upper  sand-bed,  a  yellow  weathered  clay,  and  a  blue  clay.    The  cla\3 


I 


in.  1. — Riinlc  of  flliemting  shale  iiseii  for  l>rirk.  Corning,  N.  Y.     (After  II.  Rie«, 
N.  Y.  Stuie  Mus.,  Bull-  35,  p.  838,  IWW.) 


i 


I  i'lc.    '^. —  Bonk    nr    F'k'istocene    clay    ovprl:iin    Iiy    shikI,    HiiHCtoii,    N.    Y.       (Alter  ', 

H.  Ries,  X.  Y.  State  Mus.,  Hull"  35,  p.  698,  1000.) 
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are  lamina(«tl  materials,  plastic,  red-burning,  and  easily  fusilile.  Tluise 
in  the  Hudson  Valley  especially  are  extensively  dug  fnr  ttio  miiiuifafture 
of  uommun  brick,  but  are  probably  useless  Un  nmeh  else,  alt  !i<niKh  cerlain 
beis  near  Albany  make  an  admirable  slip-clay  which  is  shipiied  tt»  all 
partes  of  the  Unitcfl  States. 

In  the  following  tallies  there  are  nivcn  a  numl)er  of  selcctcii  analydca 
and  physical  test^  of  New  York  clays: 


Analvhiba  or  Nkw  York  Clays* 


Silica  (SiOi) 

Aliiintiia  (Al3<^>j) 

IVrnc  uxiile  <FcjOj) 

{.line  (CiiO). 

Mii2iie-i«  tMgO). 

l'«Io-h  (KA>) 

8od:i  (N«,0) 

Comtiined  water  (HaO] 

Mi'wHKtnooMK - 


I 


O.Sft 


II. 


b2.iHi 

13.35 

4.6.^ 
+nrRamV 


rj.04 


SihV'.  (.4io,).      

Alumina  (AliOi) 

Ferric  oxide  (l-'e^,) 

Uine  (Cat)).  ,   

Magiiettin  (M^O),  ...... 

Poiji*h  (K/>| 

Soda  (N'ajO) 

Co:nbiaed  water  (H.O). 

Mui-iiMrp 

Miitcellaneous 


VI 


47  4U 

0.1. =1 
Iract' 
Iract' 
trace 
traco 


VII 


55  Of) 

J  34.54 

5.3.3 
3  43 

]    0  4S 


111. 

fi5.l5 
15  29 

G.iti 

1.57 
5  7r 


Vtll. 


51   A I 

19.20 
8.19 
7.«0 
1.25 

5  »2 

r +00,- 

1.22       \    7.25, 


IV 

53  20 

23.25 

10.90 

I  0 

0.62 

2.«9| 

fi  39 

MnO,  0.52 
no,  0.91 
SC>.     0.41 


V. 


68.34 

19.89 
0.90 
0.35 

tra** 
3.55 
0.84 

fl.03 


XI. 


57  3« 

Ifi  20 

4.55 

5.3-1 

3.90 

«.98 


X. 


51 .30 

12.21 
3.32 

11.63 
4.73 

4.3:t 


DDtanic 


•  From  N.  V.  Slat*  lAw  .  »yU.  M. 

PnvsirAL  Trots  or  the  Amotpi 


Per  (Will  11^  ►  to  farm  phistic  ma-'«.  . . 

Plii«rii-ity 

Average  leasilc  strength,  Iba.  per  k].  hi 

Air-t^ltrink.igo 

Fire  -tirnibtec , 

1  ticipicnt  f ii.«ton 

Vjtrifiriifion 

Viwosity 


1. 

lit. 

IV. 

16 

21,4 

20 

Ii'an 

fair 

iiKulerate 

15 

!)2 

til 

3 

4 

4 

0 

10 

0 

cone  .01 

oti 

(Hi 

1 

01 

01 

4 

4 

3 

VI. 


3S 

fuir 

11-14 

10 

8.7 


35+ 

35  + 


a<2  r|.AYS 

L<x-autii:s  «iK  THK  Phecedixo 

N".  I-«-jJ.(y.  <^>i'«iral  Age  l'i*i». 


I.  I>'\%i.-toii.  .  .  .  Medina. Xot  wutLmI 

II.  WanifTii S:ilina Paving,  coiniiiun,  aiut  huUuw  blick 

III  .XneuLi iVrtaee Flue-liniiiffs 

l\ .  Alfrf;^!  (V'liier.  .  I'hetriune Roofing-tue 

V.  N"*'iir  North|M>r  Cr<:-ta<-e<ni> Stoneware 

VI.  Krfi-';hcrvill«*  Fire-brick 

VII.  Roseiori.  .  .  .  riei^tot-eni* Coniiiion  Ltrick 

VIII.  riTitoii  I'diiit.  .  "         ....  "  " 

IX.  Buffalo ■*         ...        , 

X.  .VfruficM (drift  i  (.'omiiinii  and  paving  brirk 


References  on  New  York  Clays 

1.  I)wi;;ht.  W.  IS..  A  Peculiar  Teature  of  the  Clay-ljecls  on  the  Westora 
Bank  of  the  Hudson,  throe  niile^  north  of  Newburg.  Trans.,  V'assar  Brte. 
lii.-*t..  I'oughkeepsie.  ls.S4-lS>vi. 

2.  .Jones.  C  ('..  A  Geolopie  and  Px-onoinic  Survey  of  thcChij'-depopitg 
of  the  Lower  Hudson  River  Valley.  Ainer.  Inst.  Min.  Kng.,  Tran«., 
XXl.V,  |>.  41).  MKHV 

'A.  \hirtin.  1).  S..  A  Note  on  the  ('oh>re<i  Clays  Recently  Kxpowd  at 
Mfirrisania.  N.  V.  .\ra(l.  Sci..  Trans..  IX,  p.  46. 

4.  Merrill.  V.  .1.  H..  Origin  of  the  White  and  Variepate<l  Clays  of  tde 
N)rth  Shore  of  Lonjr  Island.  N.  Y.  Acad.  Sei..  Annals.  XII.  p.  113.  im). 

.'>.  Merrill.  V.  .1.  H..  N'tte  on  Coloreii  Clays  at  Morrisania.  X.  Y., 
X.  V.  .\c!ui.  Sei..  Trans..  IX..  p.  4.'). 

(i.  I'msscr,  ('.  S..  Distriliiitinn  of  Hamilton  and  Clioinun;;  Serir*  nf 
Cciiiral  -Vi'w  York.  X.  Y.  State  (ieoh>Ki.st.  Inth  Ann.  Rept..  p.  s7.  1**W. 

7.  Kies.  II..  Clays  of  New  York,  their  Properties  and  I"s*'S.  N.  Y. 
StMtc  MiiscuiTi,  Bull.  :i5.  HHM). 

s.  liics,  II..  Physical  'I'e.sts  of  Pevoniau  Shales  of  Xew  York  State, 
l.'ilh  Ann.  Kept..  X.  Y.  State  (ieoloKisl.  Vol.  I.  p.  67:i.  18117. 

<i.  liics,  H..  On  tlic  Occurrence  of  Cretaceous  Clays  at  Xorthi>ort, 
Lniiji  Nl:iri<l.  School  oi"  Mines  C^iart..  XV,  p.  :?54,  isy4. 

North  Carolina 

The  i|;iy-clc])osi1s  found  in  North  Carolina  are  of  two  types,  namelv. 
rcsiduid  cla^s  and  scdinietitary  flays,  tliese  sulxlivi.sions  <'<»rrespoii(linn 
nioj-c  or  less  closely  also  (o  jicolomcal  ones,  that  is  to  any.  the  residual 
eliiys  arc  denve<I  from  nxks  of  prc-Camhrian  and  Pala-ozoie  aije.  wliile 
the  secliinenlarv  clavs  ui'e  ni  .NIcsozoic  ;i;:e  or  \<>UTi<;er. 


Tt«.  ].— Kanlin-uiiiic  n(>ar  Wclwiicr,  N.  C,  shuwing  kuuUii  niitiitig  by  circular  piu. 
(Afler  liic^.  \.  ('.  Ceol.  Sun-..  Hull.  1.1.  p.  .t6.  ISftT.) 


la.  2. — Hank  of  Carboiiifpmuts  nh»ltf  nfar  Akmii,  O.     (Phnto  loaned  by  IloliirtMin 


Cluy-pnHluct  (\i.) 


:i^ 


.y^:-^  ^<:^..>  .. 
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Residual  Clays 

These  may  occur  in  nny  portion  of  the  State  west  of  the  coastal  plain 

egiuii.    The  eaatern  bi>rder  of  this  area  passes  througli  Halifax,  Fnuik- 

lin,  Wail,  Chatliam,  iMtxjrc,  and  Anson.    The  clays  iire  usually  inipure 

kiid  gritty,  and  suited  for  little  else  than  the  manufaetun;  of  foniimm 

jriek,  although   in  a  few  instances,  as  at  Pomona  nuU  Grover,  tliey 

iiy  l)c  of  semi- refractory  character.    A  noteworthy  exception  to  the 

kbove  oocurronces  are  the  tlepiisits  of  kaolin  whicli  are  found   in  the 

vcstern  part  of  the  State  in  the  Smoky  Mountain  rej^ion.     Here  many 

i^eins  i»f  pegmatite,  currying  coarsely  crystalline  iiuartz,  feldspar,  and 

lica  fgenerolly  nuiscovite),  with  some  KJirnet,  have  Ix^n  weathered  to 

kaolin  to  a  <Iepth  of  from  BO  to  KHt  feet.     The  veins  vary  in  width  from 

few  inches  to  several  hundred  feet  and  may  l>e  many  himdre<i  feet 

Dng,     They  also  branch  or  curve  and  pinch  t*r  swell.     The  most  ini- 

ortant  of  these  deposits  is  near  Wehslor,  but  others  have  l>een  noted 

■t  Sylva,  Jack.son  C<iunty;    liustick's  Mills,  ilichmond  County;    Trov. 

Mont*;omery  County;    West's  MiUs.  llacon  Cimnty;    two  miles  west  of 

north  of  Bryson  City.  Swayne  County;   two  miles  south  of  Hall  Station, 

Jackson  County;   and  two  and  a  half  miles  southwest  of  Canton.  HaywinKl 

uounly.     All  of  these  kaolins  need  washing  before  they  cim  be  shipfieil 

the  market, and  have  been  extensively  iised  for  the  manufacture  of 

vhite  ware. 

Sedimentary  Clays 

Iie*is  of   these  are  found  widely  distributed  throughout  both  the 
coastal   plain  area  and    the    broader  upland    valleys   «if    the    State. 
[n  the  former  area  there  are  many  extensive  beds  of  laminated  day 
irhich  are  (iften  well  exposed  in  the  river-banks  traversing  that  region, 
lost  of  the  clay-<ieposiis  found  in  the  Coastal  Plain  area  are  rather  lentie- 
llilar  in  their  characterand  pass  horizontally  into  beds  of  sand.     Among 
the  best  deposits  of  sedimeniury  clays  thus  fiu"  develope<l  in  the  State 
»y  be  mentioned  those  around  I-'avetteville,  CJoldsboro,  Weldon.  (ircons- 
[>n>,  ete.     They  are  nearly  all  red-burning,  and  are  use<l  for  the  manu- 
facture of  a  brick  or  lirain-tile.     In  many  valleys  of  the  uplands  the 
ivers  are  bordered  by  terraces  underlain  by  clays  of  Pleistocene  age, 
jch  nlays  being  abundant  along  the  Catawba  River  near  Morgantown 
md  Mount   Holly.  I  in  il»e  Clark  River  at  Lincolnton,  along  the  French 
$ro.i<l  River  at  .Asheville,  and  along  the  Yadkin  River  at  Wilkesboro. 
The  <lepth  of  these  torrace-clays  commonly  ranges  from  5  to  10  feet,  and 
Ibeyarem  most  instances  covered  by  from  t»  inches  to  u  foftt  or  more 
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of  sandy  loam.  The  majority  are  adapted  only  to  the  manufacture  <if 
common  brick,  but  here  and  there  we  find  beds  of  very  plastic  material, 
sufficiently  free  from  grit  to  be  used  for  the  manufacture  of  eotDmai 
stoneware.  The  Triaasic  shales  form  a  narrow  belt  in  GrandviUe, 
Durham,  Chatham,  Moore,  Southeast.  Montgomery,  and  Anson  coun- 
ties, but  their  value  for  making  clay-products  is  said  to  have  been  but 
little  tested.  At  Pomona  a  weathered-shale  outcrop  has  been  used  in 
the  manufacture  of  sewer-pipe. 


Analyses  or  Xorth  Carolina  Cuts 

ULTIMATE    ANALTSES 


Silica  (SiOj) 

Alumina  (A\/)») 

Ferric  oxide  (Fe/>jj 

Lime  (CaOj. 

Magnenia  (MgO> 

Pota*<h  (K2O) 

Soda  (XaaO) 

Combined  water,  ignition. . . 

MoiHttire 

MificellaneoiiH 


I, 


53.07 
29.54 
1.27 
0.15 
0.14 
1.28 
0.87 
9.93 
1.29 
FeO   LOT 


11. 

1 
III. 

43.70 

56  81 

40.61 

20.62 

1.39 

6.13 

0.45 

0.65 

0.09 

0.58 

2.82 

4.47 

8.98 

8.60 

0.36 

1.64 

Silica  (SiOj) 

Almriina  (AljOa) 

Ferric  oxide  (Fe/>a) 

Lime  (Ca(») 

Magne.sja  (.Mf!<>) 

]*ota.Mh  (Ki)) 

S<Kia  (Na,0) 

Comhiiieci  water,  Ignition 

Moisture 

MiHi-cllancoiis 


VI. 


,V*.17 

20.10 

7.43 

0.60 

0.77 

■    2.60 

7.34 
3.23 


VII. 


59.27 

22.31 

6.69 

0.25 

0.13 

0.90 

9.00 
1.90 


VIII. 


70.45 
17.34 

3.16 

0.25 

0.22 

0.70 

6.63 

0.93 

FeO  0 . 33 


IV. 


50  17 

28.77 

2  88 

0.05 

0  22 

1.04 

14.03 
2.08 


IX. 


69  .38 

14.03 

6  41 

0.40 
0.27 

1.65 

5.73 
1.08 


V. 


64  9:i 

17  «s 

5,57 

0  43 

0  59 

3  85 

6  58 

2,48 


53  75 

24.91 

7  99 

0  70 

1  l:i 

2  94 

7. on 

Iftf 


RATIONAL    ANALYSES 


Clay  sijhstaiico 

Frco  sand 


I'ri'c  sain). 


III. 

5S .  85 
40  (io 


IV. 


73.10 
20.05 


Nds.  I-.\  from  N.  C.  fiei.l.  ."^urv.,  Bull,  13.  1897. 


V. 


.i3  i;s 

4.5.90 


VI. 

4S.0i) 
.VJ.l.J 

VII. 

07 .  -'0 
33 ,  LT, 

VIII. 

IN ,  20 
ol    .TO 

IX. 

X 

4.5 ,  47 

5 ! ,  2S 

34  M 

<l  

40  00 

IkLVlNE— -NOUTll  C.UtOU.NA 
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Pbtsioal  Tb8T9  or  Nortb  Carouha  Clays 


f-eent  water  for  working 

Lsticity 

Lir-shriiikiigc,  per  cent 

_rin>alirinkft^,  per  cent. 

Average  t«u6ile  stroitgtb,  Iba.  per  aq.  in. 

KAto  of  slaking,  . .  
oxturc 
icipient  funon,  degrees  F 
itnficalion,  degroee  F 
itfco^ity ,  d)%reei  F 
vuLor  when  burned 

Specific  gravity 


1. 

a. 

IV. 

28 

42 

30 

good 

8 

lean 

6 

very  good 

6 

4 

7 

39 

20 

148 

slow 

slow 

slow 

fine 

very  fine 

fine 

2100 

2300 

1950 

2300 

2500 

2100 

2500 

2700  t 

22511 

whitish 

white 

gray 
brown 

2   24 

2  43 

2  3S 

V. 


28 

good 

8.5 

5 

144 
fiuit 
medium 
1900 
2a50 
22100 

red 

2  55 


Per  cent  water  for  working. . 

?lasttcity 

Air-tfhrinkage,  per  cent 

Fire-dhriitkage.  per  cent.  . . . 
Avera^s  tcnailo8trcngth,lba> 

per sq. in 

fjlate  of  idaking 

TexturB 

Incipient  fuKJon,  degrees  F.. 

Vitrification,  degrees  F. 

Viirtwitv.  degrees  F 

Color  when  burned 

Specific  gravity 


VI. 


84 
slow 
fine 
IS50 
2050 
2250 
red 
2.4S 


vu. 


66 
fast 
coarse 
2100 
2400 
2500 
red 
2.46 


VUI. 


47 

cuarae 
2150 
2350 
2550 

hiff 
2.55 


IX 


36 

slight 
9.6 
4.5 

60 

fast 
fin^ 
1950 
2100 
2250 
red 
2,59 


X. 


74 

fast 
fine 
l!»nO 
2100 
2:itX) 
dnop  red 
2  03 


LOCAUTIBS   or  TIIB  PRECEDING. 


LocuUty. 


firover 

Web«t«r. 

Qrcenaboro 

N.W.  of  BUckbum. .  . 
Faycttevillo  (average). 

rayetioviUe 

(ireenn(x)ro 

Pomona 

Morgnntown 

WiIke'(l«>ro 


Qtolotteal  Am. 


ReeiduaL. 


rioistoccne. 

Ct>lumbia. . 


Vb». 


White  preated  brick 

Whire  ware 

Brick 

Stoneware 

Bricks 

Not  worked 

Brick 

Brick 

Not  worked 


Not).  I-X  from  H,  C  G«a].  Surr..  Bull.  13,  1807- 
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References  on  North  Carolina  Clays 

1.  Holmes,  J.  A.,  Notee  on  the  Kaolin  and  Clay-deposits  of  North 
Carolina,  Amer.  Inst.  Min.  Eng.,  trans.,  XXV,  p.  929,  1896. 

2.  Kerr,  W.  C,  and  Genth,  F.  A.,  Report  on  Minerals  and  Mineral 
Localities  of  North  Carolina,  18S5. 

3.  Pratt,  J.  H.,  The  Mining  Industry  of  North  Carolina,  N.  Ca,  Geol. 
Survey;  separate  bulletins  issued  for  1901,  1902,  1903,  and  1904. 

4.  Ries,  H.,  Clay-deposits  and  Clay  Industry  in  North  Carolina,  N.  Ca. 
Geol.  Surv.,  Bull.  13,  1897. 


CHAPTER  VTI  % 

NORTU  DAKOTA  TO  WYOMING 

North  Dakota 

The  North  Dakota  clays  (Ref.  I)  arc  found  in  the  Cretaceous,  Tcr- 
tiar>',  and  PleLstwene  furmalioiu,  the  tinit  being  pmbably  the  most 
import^int. 

I  Cretaceous 

Most  of  the  divisions  of  this  system  of  rocks  carry  extensive  deposits 
of  ^l:vy,  whose  churiicler  is  brielly  as  follows: 

Benton  and  Niobrara. — Tlieae  two  formations,  composed  chiefly  of 
blue  clays  and  shales,  are  closely  a.ssociated  and  similar.  They  are  well 
developed  in  the  coniral  and  northern  parts  of  the  State,  but  rarely 
appear  along  the  eastern  border.  The  clays  of  the  Niobrara  and  ad- 
joinin;  portions  of  the  Benton  often  carry  carbonate  of  lime  and  small 
amounts  of  inm  pyrites,  alum,  ^^ypsurn,  and  lignite. 

Keme, — This  includes  n  ^rreiit  uccurnulution  of  clays  and  shales  founil 
throughout  a  large  area  in  the  central  portion  of  the  State.  The  ImxIs 
are  uniform  in  chara^'ter.  of  a  bluish-gray  color,  and  almost  free  from 
sand,  but  at  times  thin  seams  of  gypsum  occur.  The  formation  is 
prominent  in  the  Pembina  and  Turtle  Moimtain  region. 

Fox  HUls. — ^The  Fox  Hills  group  appears  to  carry  few  clays  of  value. 


Laramie  and  Tertiary 


extend  over  a  lari^  portion  of  the  State  west  of  the  Missouri  River, 
and  consist  principally  of  clays,  shales,  and  lignites,  with  occasional 
layers  of  sand  and  sandstone.  R«>me  of  the  clays  appear  to  be  of  re- 
fractory character,  and  a  number  of  beds,  adapte<l  to  a  variety  of  pur* 
t,  have  been  noted  around  Dickinson,  where  they  have  Iwen  worked 
3«0 
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to  some  extent     Re<i-burning  shales  occur  with  the  coal  at  Minot  an 
in  Mercer  County. 

Pleistocene 

Pleistocene  clays  of  blue  or  yellow  color,  and  often  of  gravelly  or 
stony  character,  are  found  over  a  targe  portion  of  the  State.  They  ore 
frequently  (.'ulcareous,  and  uround  Grand  Forks  are  worked  for  creaoi- 
colorcd  brick.  Ued-buriiing  brick-clays  occur  along  the  Missouri  River 
near  Bismarck,  and  are  much  used.  Grayson,  VValhalln,  and  Fargo  aw 
also  promising  localities. 

The  following  analyses  are  taken  from  Babcock's  report: 

Amaltscs  or  North  Dakota  Clays 


Silica  (3iO,) 

Alumina  (AljOj).  .  . 
Ferric  oxide  (t'evOi). 

Lime  (CaO) 

Jifagnesif)  (MgO). .  .- 

Potash  (KjO) 

Soda(Nari^) 

LosR  on  ignition. .  .  ■ 


72.841 

17.33 

I.U5 

o,i;i 


0  m 

0  3S 


II. 


flO.79 

-1.49 

I  .  02 
0.19 
0,2H 


III. 


56.86 

-'5  03 

ti.n 

0.71 
0,70 
0  .W 
0  Old 
lU.OH* 


IV. 


53  72 
17. 7« 
3.8ft 
0  81 
050 
0  2S 
1.72 
21.82 


VI. 


I2.1fi 
4.27 
ft.  92 
1. 00 
0.266 
0.992 

18.742* 


VII 

71 
21 

3 

0 

0 


vui. 

51  27 
9  33 
3  52 

II  15 
2  31 
0  50 

}2  08 


♦  By  rtifr«rennt. 

I.  Tintml  Fnrks.  hrck-rliy. 

Tl.  riav  with  mnl.  Merrer  Couotj. 

III.  riav  ovi^r  PtMil,  Minol. 

IV  Cl-iv  ii'i'ler  rtwil.  Minot, 

V  .AUimal  riny,  Mimtnuri  River.  Bfmnantk. 

\'l  l^'hiicTi  roal-mine.  ««Bt  of  DickiniKin. 

VII.  Irilfr-flnv.  ^nni»  Irtrality,  »ll*r  tcniLioo, 

VIIL  Urick-cliiy,  Cniml  Fork*. 

References  on  North  Dakota  Cla3rs 

1.  Babcock,  E.  J.,  First  Biennial  Report,  N.  Dak.  Geo!.  Surv,,  p.  29, 

1901. 

Ohio 

The  geologic  scale  of  Ohio  includes  strata  ranging  from  the  OrdcH-l 
vician  to  the  Permian,  while  overlying  these  are  beds  of  Quaternary  age«| 


Ordovician  and  Silurian  ' 

The  rocks  of  these  two  ages  underlie  a  larger  area  in  the  wester 
half  of  the  State,  those  of  the  former  age  being  found  chiefly  in  tl 


■  Profs.  E.  Oiton.  Jr..  anrl  C.  S.  Prosser  have  kindly  givm  the  author  ram 
informatian  regarding  the  shale  formationti  of  the  Stat«. 


are  highly  calcareoa?  and  of  little  value  fnr  tiip  miinufa(it.ure  itf  chiv- 
product£.    The  Salu<ia  has  been  used  for  drain-tile.^ 

'  Ohio  GcoL  Surv.,  Vol.  VII,  Ft.  I,  p.  36. 
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Devonian 


k 

■  The  Devonian  rocks  underlie  a  large  area  in  the  northwestern  corner 

^M  of  the  State,  and  also  extend  acros:)  the  we^t-central  part  fruni  Lake 
H         Erie  to  the  Ohio  River. 

H  The  shale  fonnationa  are  the  Oletan^y  and  the  Oliio.     The  former 

^^  is  20  to  35  feet  thick  in  oeuinil  Ohio  with  ounieruvis  outcrops  and  shous 
H  even  greater  thickness  in  the  northern  part  of  the  Slate.  It  is  artively 
H  worked  at  Delaware  for  making  drain-tile  and  fireproofing,  btit  has  aUo 
H  l>een  used  at  Colunibus  for  the  manufacture  of  t}ewer-pi]>e  and  conunon 
H        brick. 

The  Ohio  shale  is  divisilile,  in  the  northern  part  of  the  State  at  least, 
into  three  part«,  knnwn  jus  the  Huron,  Cha^in,  and  Cleveland  shaks. 
Professor  C.  S.  Pmsser  states  that  the  Chagrin  shale  is  gray  to  greenish, 
and  extends  from  the  Hlank  River  as  surface  outcrops  along  tlie  shore 
of  Lake  Erie  in  a  belt  several  inWea  broad  to  Pennsylvania,  and  is  rp, 
garded  as  promising  for  the  manufacture  of  clay-pnKiucta.  Many  red 
pressed  brick  arc  made  from  it  at  Cleveland. 


H 


Lower  Carboniferous 

The  Bedford  fihale,  which  is  an  important  shale  formation  extend? 
ing  clear  acmss  the  f^tate,  is  in  part  ttt  least  frequently  of  red  color; 
but  its  greenish  phases  resemble  the  Chagrin  shales  of  similar  color. 
It  is  worked  at  Bedford,  Akron,  Independence,  and  a  nund>er  of  uther 
localities  for  pressed-brick  manufacture;  at  Willow  Station  for  paving- 
brick;  and  at  Summit  Station  for  common  and  sewer  brick.  It  promises 
to  become  one  of  the  most  important  shale  ftimiations  of  Ohio. 

The  Logan  shale,  occurring  in  the  lower  part  of  the  Logan  fomiation, 
is  now  extensively  used  at  a  number  of  pointSr  including  Newark,  Han- 
over in  central  Ohio,  and  Sciotoville  in  the  Ohio  Valley  region,  but, 
according  to  Professor  K.  Orton,  Jr.,  is  of  non-refrnctorj*  character. 

Professor  E.  Orton  states  (Rcf.  2)  that  the  Lower  Carboniferous  or 
Maxville  limestone  holds  a  valuable  rlny-deposit  at  a  few  places  in  soutli- 
crn  Ohio,  while  in  many  places  in  Kentucky  a  hard  flint-clay  comes  into 
the  section.  It  has  been  worked  largely  at  Sciotoville  and  Portsmouth 
for  fire-brick,  and  is  hence  known  at  the  Sciotoville  clay.  It  also  occuni 
near  Logan,  Hocking  County. 

Coal-measures 

These  underlie  the  eastern  third  of  the  State.  The  lower  niembera 
»re  found  in  the  western  portion  of  the  area,  while  the  upper  meJubeA 
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iiately  underlie  the  surface  in  the  middle  and  eastern  parts  towards 
[the  Pennsylvania  border.     They  include  tlie  best  clays  in  the  State, 
md  both  shales  and  clays  are  numerou?i  throughout  the  entire  series. 
Pottsville    series. — The   ."Action  of  the  Pottsville  fonnation  shows 
jthe  following  according  to  Ortonri 

Homewood  (Tionesta)  sandstone 

Mount  Savage  (Tionesta)  coal 

Mount  Savage  (Tionesta)  clay  and  shale 

Upper  Mercer  ore 

Upper  Mercer  limestone 

Upper  Mercer  coal 

Upper  Mercer  fire-clay 

Lower  Mercer  iron  ore 

Lower  Mercer  limestone 

Lower  Mercer  fire-clay 

Conoquenessing  (Massillon)  sandstone  (upper) 

Quakertown  coal-beds 

Quakertown  shales 

Conoquenessing  (Massillon)  sandstone  (lower) 

Sltarnn  shale^i 

Sharon  coal 

Sharon  clay 

Sharon  sandstone 

The  important  beds  art^  the  Mount  Savage  clay  and  shale,  Upper 
Mercer  day,  Lower  Mercer  clay,  Quiikertowu  clay  and  shales,  Sharon 
clay  and  shales.^ 

Sharon  shales. — These  overlie  the  Sharon  coal  and  vary  in  thickness 
from  1  lo  50  feet.  They  are  usually  dark  blue,  sometimes  almost  black, 
with  heavy  iron-ore  nodules  at  certain  levels.  The  shales  pro[%r  have 
become  the  basis  of  one  of  the  largest  sewer-pipe  industries  in  the  United 
.States,  at  Akron  and  its  immediate  neighborhood.  The  same  deposit 
also  worked  for  roofing-tile,  but  the  shale  is  usually  high  in  iron  oxide. 

Quakertown  clay  and  shale. — These  occupy  a  space  between  the  tw^o 

divisions  of  the  Conociuenojisinf;  sandstones,  when  such  a  separation 

cure.     They  overlie  and  underlie  the  Quakertown  coal,  although  the 

latter  may  become  extremely  thin  at  times.     The  shales  or  clays  of  this 


The  niunes  in  parentbefti^  are  thoao  given  in  Orton*«  report,  Ohio  Oool.  Surv. 
1,  while  th'»  namm  in  front  rf  them  are  the  later  one*. 
»Orto!i.  Ohio  Ckol.  Sur\*.,  VU.  Ft.  1,  p.  59. 


30i 


CLAYS 


age  Imve  been  worked  in  Summit,  PortAge,  and  Stark  counties.  Tbe 
Summit  deposits  hjive  furnished  stock  for  the  potteries  of  Sphn^eld, 
and  the  Portage  bed  supplies  the  Mopadore  potteries.  The  MaisiJIoB 
Fire-brick  Company  has  developed  an  important  deposit  at  this  bortzoo. 
It  is  a  streak  of  hard  fire-clay  4  to  5  feet  thick  immediately  underlying 
the  Conoquenessiiig,  and  representing  the  Quakertown  coal.  The  bouom 
of  the  clay  is  .10  feet  abuve  the  Sharon  coal  (Ref.  2). 

Lower  Mercer  clay  and  shale. — Overlying  the  Lower  Weroer  lime- 
stone there  is  often  an  ii-on  ore.  while  iinder  it  is  ii  coal-seam  of  little 
value.  Underlying  the  coal  there  is  a  shiile  or  more  often  day,  whirfa 
has  been  extensively  worked  in  Stark,  Tuscarawas.  Muskingum,  ami 
e8i>ecially  Hocking  counties.  The  C<»lumbxis  Brick  and  Terra-cntta 
Company  at  Union  Furnace  have  used  it,  and  it  has  also  been  worked 
at  Millersburg.  Holmes  County.  The  clay  shows  considerable  varia- 
tion and  is  nowhere  of  high  character.  The  shale  nr  clay  immediately 
overlying  the  Lower  Mercer  limestone  is  also  promising. 

Upper  Mercer  clay  and  shale. — The  Upper  Mercer  cool  is  not  rf 
economic  importance,  but  the  accompanying  under-olay  is  more  im- 
portant. It  is  a  light-colored  plastic  clay,  of  wide-spread  occurrence 
in  the  State,  and  at  Haydenville,  Hocking  County,  is  extensively  worked 
under  the  name  of  the  Mingo  clay.  It  is  one  of  the  most  valuable  clav- 
depoBits  found  within  the  Haydenville  coal-lield,  and  runs  from  8  to  lU 
feet  thick. 

Mount  Savage  clay. — This,  formerly  named  the  Tionesta,  occurs 
from  a  few  feet  to  20  feet  above  the  last-nametl  deposits,  and  there  is 
found  at  times  another  valuable  clay-bed.  It  has  been  used  at  Unioa 
Furnace. 

Allegheny  or  Lower  Coal-measures 

The  most  important   clay-deposits  of  the  Ohio  coal-measures  are' 
given  as  follows: 

Upper  Freeport  clay  and  shales 

Lower  Freeport  clay  and  shales 

Middle  Kittanning  clay  and  shales 

Lower  Kittanning  clay 

Ferriferous  limestone  clay 

Putnjini  Hill  limestone  clay  and  shales 

Putnam  Hill  limestone  horizon 

Putnam  Hill  or  Brookville  clay. — This  underlies  the  Brookville 
and  is  a  valuable  day-deposit  in  several  of  the  central   ooai-measure] 
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counties  of  Ohio,  although  of  no  importance  in  ports  of  western  Penn- 
sylvuiiia.  It  is  said  to  be  specially  well  developed  and  largely  worked 
in  Mu.MkJngiim  County,  but  is  also  of  importance  in  the  c-tmutie*  of 
Coshucton,  Tuscarawas,  and  iStark,  where  it  lias  been  much  used.  Prom- 
ising  beds  are  also  metitioned  in  Perry^  Hocking,  and  Vinton  counties. 
It  has  Ijccn  worked  at  or  near  Zanesville  for  buff-  or  cream-coSorcd  brick, 
eueaustic  liles,  and  fire-brick,  and  at  Canton  for  tlie  manufacture  of 
paving-brick.  Other  workings  are  at  Greenford,  Mahoning  County, 
and  New  Lexington.  Perry  County. 

A  red  shale  said  to  be  of  thiu  same  age  is  also  worked  at  the  last 
locality. 

In  the  Zanesville  area  the  Brookville  clay  is  stated  to  vary  from 
3  to  10  feet  in  thickness  with  an  average  of  6  feet.  It  is  usually  divisible 
into  an  upper  or  plastic  portion  and  a  lower  or  more  siliceous  division. 

A  section  sL\  miles  above  Zanesville  on  the  west  side  of  the  river  gave: 

Feet. 

Putnam  Hili  limestone. . ., — 

Putnam  Uil]  limestone  shale II 

White  clay 4-5 

Dark  clay 2 

Fire-clay. 2 

Sand.-^tone  and  sandy  shale 5 

Brown  clay 14 

Ferriferous  or  Vanport  limestone  and  clays. — The  clays  of  this 
formation  are  light-colored,  plastic,  and  of  fnir  quality,  with  a  thickness 
ranging  from  2  to  6  feet.  Professor  E.  Orton,  Jr.,  has  informed  the 
author  that  this  yields  a  valuable  .';tonc ware-clay  in  the  district  ruiming 
from  Zanesville  down  Uy  New  Lexington  on  the  Cincinnati  and  Muskin- 
gum Valley  llailroad.  It  is  also  used  in  southern  Ohio  around  Scranton, 
either  as  a  potter's  clay  or  for  shiprnont  as  a  secon<l-grade  fire-clay. 

Lower  Elittanoing  clay  and  shale. — These  were  pointed  out  by 
Professor  Orton  to  constitute  the  great  clay  horizon  of  the  State,  and 
lie  stratigraphically  between  the  Ferriferous  limestone  and  Lower 
ittanning  coal,  often  fillmg  the  interval  between  them.  In  the  more 
important  occurrences  its  thickness  ranges  between  S  and  30  feet,  and 
sometimes  is  even  c()ntinu(>us  with  the  clays  above  the  I.flwor  Kittan- 
ling,  only  the  coal-seam  Ix'ing  iMHween,  and  thus  giving  a  combined 
section  of  not  less  than  50  feet.  The  Lower  Kittatming  clay  is  best  seen 
where  it  enters  the  State  from  Pennsylviinia,  und  Hgain  where  it  leaves 
the  State  in  its  extensitm  into  Kentucky.    At  both  of  tlicsc  localitiea 
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in  the  Ohio  Valley,  namely,  in  Columbiana  and  Jefferson  counties  ob 
the  one  side  and  in  Lawrence  County  on  the  other,  it  shows  great  quan- 
tities of  clay  of  good  quality.     Other  counties  in  which  it  has  been 


Shales,  sandstone,  and  concealed. 


Shales. 


Shales,  massive,  Morgantown .\^v>.y.;.v>/. 


^m 


Limestone,  fossiliferous,  Ames. 
Red  shales 


■i"»i.'iy .  .J  I 


Concealed,  with  shales  and  flaggy  sandstone. 


Coal , 

Shale 

Limestone,  fossiliferous,  Lower  Cambridge. 

Shales,  drab 

Shales,  with  coai,  Masonto«Ti 

Shales,  gray 


Sandstone,  Mahoning,  and  concealed,  under  river. 


TTrrerssa 


^ 


ym 


% 


i»>tti 


Fio.  60. — Section  of  Barren  ^fea.sure^  opposite  Steubenville,  Ohio, 
(After  White,  U.  S.  Geol.  Surv.,  Bull.  C5,  p.  77,  1891.) 

developed  are  Tuscarawas,  Stark,  and  Muskingum;  extensive  minino 
has  frone  on  at,  Haydenville,  Hocking  County,  and  Canton,  Stark  County. 
The  plastic  clay  from  this  horizon  is  used  by  the  eastern  Ohio  potteries, 
while  a  flint-clay  is  also  found  at  some  points,  as  in  Stark,  Tuscarawas, 
and  Carroll  counties. 
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The  clay  has  been  used  wholly  or  in  part  for  the  manufacture  of 
iggers,  Rockingham,  yellow  and  stone  ware,  sewer-pipe,  paving-brick, 
id  fire-brick. 

Middle  Kittanning  clay. — ^This  is  said  to  furnish  a  good  fire-clay  at 
ak  Hill,  Jackson  County,  and  is  there  used  for  fire-brick.    Nodules 

iron  are  seen  in  many  of  its  outcrops,  and  these  interfere  with  its 

36. 

Lower  Freeport  clay. — ^This  is  not  much  developed,  but  at  one 
cality,  namely,  in  the  vicinity  of  Moxahala,  Perry  County,  the  seam 
found  in  the  nature  of  flint-clay,  but  contains  too  much  iron  to  permit 
3  use  for  the  highest  grades  of  ware.  More  often  the  clay  represents 
16  impure  type  so  abundant  in  the  coal-measures. 

Upper  Freeport  clay  and  shale. — ^This  bed  is  more  important  than 
le  preceding,  since  it  occurs  in  great  quantity  and  more  widely  dis- 
ibuted  than  the  coal-seam  from  which  it  gets  its  name.  It  assumes 
flinty  phase  at  several  points. 


Section  at  Bbllajre,  Ohio 

Feet.        iDCbea. 

Coal,  Waynesburg • — 

Shale,  sandy G 

Shale 12 

Limefitone 3 

Concealed 5 

Coal,  blossom,  Little  Waynesburg 

Concealed 14 

Coal,  blossom,  Uoiontown 

Shale 4 

Sandstone C 

Shale,  areillaceous 20 

Concealed 32 

Shale 2 

Sandstone S 

Shale 3 

Concealed 33 

Calcareous  shale,  with  thin  limestones. . .  21  6 

Coal 4 

Shales,  sandy 13  10 

Coal 0  8 

ShalcH,  argillaceous. .  .     G 

[  Coal 3 

Shale,  argillaceoufl 2 

Limestone,  thin  clay  in  center 8 

Limestone,  magnesia-ccment  rock 5 

Clay 1 

Limestone 11 

Concealed 11 

Coal,  Redstone,  blossom 

Concealed 17 

Shale 1 

Coal,  Pittsburgh 


Feet 
2 


40 


Inches. 


Coal.  Scwickley 


127 


27 


38 

2 
18 


Total. 


263 
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Conemaugh  or  Lower  Barren  Measures.— These  contain  vast  di 
of  shale,  which  are  extensively  used  for  the  manufacture  uf  paving-brid 
They  arc  distributed  through  the  entire  series,  but  uboul  ihe 
porlioii  yf  this  division  beds  of  special  prominence  occur,  as  in  the  Sund 
Creek  Valley.  An  excellent  shale  has  been  found  underlying  the  cmi 
at  liellaire.  Fig.  60  by  White  (Ref.  6)  gives  the  section  of  the  Baneo 
Meiu^uros  opp(>sUn  Stcubenvillc.  Ohi(t. 

Honongahela  or  Upper  Productive  Measures. — ^This  series  ext 
from  the  base  of  the  Pittsburg  cnul  up   to  the  Cassville.      The  eectw 
on  page   397,  given  by  I.  C.  White  (Ilef.  G),  from    Bellaire,    Bclmo 
County,  shuws  the  character  of  the  series. 

The  area  uf  outcrop  furiiis  u  narixiw,  sinuous  baud  extendJnj:  in 
northeasterly  direction  from  Gallipolis  to  SteubenvUIe,  and  southwa 
from  there  to  beyond  Bellaire.' 

Dunkard  or  Upper  Barren  Measures. — In  Ohio  these  underlie  aiT 
area  extending  through  the  counti<?s  of  Belmont,  Monroe,  Waahingtoa 
Athens,  Meigs,  and  Gallia. 

Pleistocene 

Pleistocene  chiys  are  f<nind  in  all  parts  of  tho  State,  but  they  are 
used  chiefly  for  common  brick  ant!  drain-tile. 

Analtbbs  op  Ohio  Clays 


Silica  (SiO,) 

Alumina  (Al.Oi) 

Ferric  oxide  (Ko,0|) 

Liim.'  tCaO( 

Mapricdia  (MgO) 

-Poliwh   (K;0) 

Soda  (Na/>) 

Water  (U^->) 

Moi»turo. 


Titonium  tixido  (TiOj). 


7fl.24 

16. S7 

0  1(1 

0  50 

trace 

}  l.Ofl 
Is. 14 


It. 


fi3  flfl 

20.17 

2.12 


2.76 

5.41 
6.4o 


III. 


52  fl2 

31.  S4 
0  0' 
0.50 
0.  lit 

foso 
liies 

0.60 
1.6S 


IV. 


HI   Hd 
26  02 

0  6.1 

1  26 
0.19 

I  0.31 

9.73 


V. 


09  37 
19.0;« 

1  26 
0  00 
0.63 

2  1-1 
0.O2 
5.S7 
0.94 
0.20 


VL 


69  70 
19.31 


5  09 
1.02 


VU. 


5A  44 
36  GO 
3  DO 
0  47 
063 
3  20 
0.96 
757 
248 


SiliMfSiO,) 

Alumina  (.^IjOj) 

Ferric  oxide  (l''ejO»).. . 

Lime  {Cai)) 

Magiienia  (-MgC)) 

Potash  (K-OJ 

Soda  (Na,0) 

Water  (H^O) 

Moisture 

Titanium  oxide  (TtO,). 


*  See  U.  8.  Geol.  Surv.,  BuU.  No.  65,  Map  1 1.  i. 


Mlica  (SiO,) 
lAlutnina  (AUO*) 
El^'erriti  oxide  (FeiOi), 
-  ■        (CiiO) 

Dcsia  (MgO). 

Pot«h  (K/) 
.   '    '  ■  (N»,0) 

Wafer  (H^). 

Moiftture. 
LTitanium  oxide  (TiO,) 


LOCAUTIES  OF   THH  AbOVE 


No. 


Locality. 


xin. 

XIV. 

XV. 

XV!. 

XVIl. 

xvrii. 

XIX. 

xx. 


Haytienville. .  . . 
North  InduKtry. 
Mineral  Point.  . . 

Oiirlin^ton 

Uoscvillo 

HotwviUe 

Sleuljenvflte.  .  . 

Akron 

Zujttttville 

(itoiici'Hter 

C-anion 

Wayuedburg.  . . 

Zanetiville 


Xorthern  Ohio. .  . 
North  indusliy.  . 

Canton 

St'ioto  County. .. . 

Salineville. 

Kttst  Palestine. . . 
JetTcrson  County. 


GrologicftI  Aie. 


Lower  CHrtmniferous. . 
Lower  Conl-mensiires. 
Lower  KittanniDg. .  . 


Lower  CnrboTiiferoiis,  . 
Lower  Cool-fneiisiiroB.. 

('ainbridge 

I^iwwr  r<fal-niea«iire». . 
Middle  Kittanning. . .. 

f  Freeport  wliftle 

iKittnnninK  clay 

Bedford  sbale 

Lower  C&rboniferoua. . 


Upper  Freeport. 


Vm 


Fire-brick 
Paviug-brick 
Refractorj,*  wares 

I'aving-brick 
Stoneware 
Cooking  ware 
Stoneware 
Stoneware 
Cooking  s/are 

Paving-brick 
Brick 


Pa  ^-ing- brick 
Paving-brick 

Fire-brick 

Firisbrtrk 

P(iiving-brick 

Sewer-pipc 


N«..  1-XX  from  OWo  fieol.  Sui^-..  Vn.  IMS. 

References  on  Ohio  Clays 

1.  Leverett,  F.,  On  the  Significance  of  the  White  Clays  of  the  Ohio 
i Region.  Amer.  Geol.,  X.  p.  IS,  IS03. 

2.  Orton,   E..  The  Clays  of  Ohio,  tlieir  Origin,  Composition,  and 
Varieties,  Ohio  Geol.  Surv.,  Vll,  p.  45,  1893. 

3.  Ortoii,  E..  Jr..  The  Clay-working  lodustries  of  Ohio,  Ohio  Geol. 
,Surv.,  vn,  p.  09.  IH93. 

4.  Prosacr,  C.  S.,  Geological  Scale  of  Ohio,  Ohio  Geol.  Surv.,  Bull.  7, 

1905. 

5.  Stevenson,  J.  J.,  Carboniferous  of  the  Api>alachian  Basin,  Geol. 
fioc.  Amer,  Bull.,  XV.  p.  37,  1904. 
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6.  White,  I.  C,  Correlation  Papers,  Carboniferous,  U.  S,  Geol.  Surv^ 
Bull.  65,  1891. 

7.  See  also  annual  reports  of  inspector  of  mines. 

Oklahoma  Territory  i 

The  rocks  of  the  greater  part  of  Oklahoma  consist  of  deposits  nf  ml 
clay-shale.     In  the  eastern  part  of  the  Territory  these  clays  are  of  ppiin- 
sylvaaian  age,  while  farther  west  they  belong  to  Permian  fornmtioDs 
In  the  Oaage  Nation,  and  the  counties  bordering  on  the  Arkansas  Uivej, 
there  are  beds  of  gray  and  drab  clay  contained  between  ledger  of  ^   - 
limestone  of  Pennsylvanian  and  Pennian  age,  while   in   the  ^^  - 
Mountains  in  the  southwestern  part  of  the  Territory  there  are  beds  erf 
kaolin,  formed  from  the  disintegration  of  granite  and   gabbm  rocks. 
On  the  uplands  in  Beaver  and  Woodward  counties  there  are  deposiit. 
of  Tertiary  clay,  biit  much  of  this  contains  a  considerable  amount  of  lini^| 
and  might  not  therefore  lie  suited  to  the  manufacture  of  c  I  ay-prod  uct^^ 
Dakota  (Cretucctnw)  clays  occur  in  the  extreme  northwestern  part  irf 
Beaver  County,  and  alluvial  clays  are  found  in  the  river  \'alle>^  in  all 
parts  of  the  Territory. 

The  only  use  that  has  Iwen  made  of  the  clay-deposits  in  Oklahoma 
is  for  the  inuuufaciurc  of  brick.  In  nearly  every  small  town  coniniiia 
brick  are  made,  chiefly  of  alluvial  clay.  Pressed-brick  plants  arc  hi 
operation  at  Oklahoma,  Chandler,  Guthrie,  Geary,  Mangum,  El  Reno. 
and  Aniidarko,  On  account  of  the  utilization  of  natural  gas  for  fud 
at  the  Kansas  brick-yards,  and  consequent  cheaper  cost  of  produclion, 
much  of  the  brick  UEcd  in  Oklah(jma  comes  from  that  State. 

An  analysis  of  clay  fn)iM  Stucks  Canyon,  four  miles  west  of  Ferguson, 
Blaine  County,  yieldeil: 

Silica  (SiOa) 64. 17 

Alumina  (AI2O3) 14.80 

Ferric  oxide  (Fe^Os) 8.10 

Lime  (CaO) 1 .34 

Magnesium  carbonate  (MgCOg) 27 

llagnesium  sulphate  (MgSO*) 5.57 

Water  (H2O) 6.54 


Total 100.79 

This  shows  a  curiously  high  percentage  of  magnesium  sulpliatc. 


'  The  notes  relating  to  this  Territoij*  have  I)een  suppliMl  to  the  author 
Professor  C.  N.  Gould.    The  general  gwilogy  of  the  Territory  ia  described  in  U.  S 
G«ol.  Surv.,  Water-supply  and  Irrigation  Bull.  So.  148,  by  C.  N.  GouJd. 
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The  geologic  formations  of  Pennsylvania  range  from  the  pre-Cam- 

'brian  crystalline  roeka  to  those  of  Pleistocene  age. 

I  Jn  the  western  part  of  the  State,  except  the  northwestern  counties, 

^nhc  rucks  arc  nearly  all  of  Carbonifemus  age,  the  beds  being  bent  into 

^B  series  of  gentle  folds;  but  often  the  exposure  of  the  lower  or  older 

^■bedfl  is  due  partly  to  the  overlying  strata  having  been  worn  away. 

^B      To  the  eastward  the  rocks  become  highly  folded  in  the  central  coun- 

™  Ijcs  of  the  State,  so  that  Ihe  strata  often  have  a  very  steep  dip,  and  not 

only  the  Carboniferous,  hut  also  the  lower-lying  Devonian  and  Silurian 

formations  are  exposed,  giving  rise  to  bands  which  extend  in  a  general 

northeast-southwest  direction. 

On  the  eastern  edge  of  the  State  there  is  a  fringe  of  coastal-plain 
formations,  but,  with  the  exception  of  the  Columbia  loams,  they  have 
little  value  in  Pennsylvania.  North  of  the  terminal  moraine  the  drift- 
clays  are  wide-spread. 

Residual  Clays 

These  might  occur  at  almost  any  point  in  the  area  lying  south  of 
he  terminal  moraine,  hut  the  deposits  of  greatest  economic  value  arc 
lose  found  in  the  Great  Valley,  along  the  line  of  which,  as  well  lus  in 
South  Mountain  region,  there  are  a  number  of  deposits  of  white 
variegated  clays  (PI.  XXXV,  Fig.  I).    Theae  have  been  derived 
Efrom  the  decomposition  of  hydromica  slates,  which  are  interstratified 
ivith  Ordovician  limestones  and  quartzites,  talcose  slates,  and  lime- 
ones  of  Cambrian  age.    Of  recent  years  these  white  clays  have  been 
Imuch  worked  for  paper  manufacture,  and  to  a  less  extent  for  tUe  and 
fire-brick. 

The  most  productive  localities  have  been  South  Mountain,  Cumbeav 
and  County;  Mertztowu,  Berks  County;  Ore  Hill,  near  Roaring  Springs 
Lin  Blair  County,  etc. 

A  number  of  localities  are  mentioned  in  the  reports  of  the  Second 

'cnnsylvania    Geo  ogicai   Survey,'    but  many  of  these  are   no  longer 

orked.     More  recently  they  have  been  described  by  T.  C.  Hopkins.^* 

A  second  type  of  white  residual  clay  or  kaolins  are  those  of  Delaware 

[and  Chester  counties,  which  have  been  formed  by  the  weathering  of 


'  Second  Pa.  Geol.  Surv..  Oept.  C4,  pp.  137,  272,  275.  ZH.  279,  325,  3*0,  and 
|Bepc.  CC,  p.  203. 

*  Rept.  Pcnn.  StAte  College  for  1808.  1899.  and  1000. 
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pegmatite  veins.    These  have  been  worked  near  Kaolin  P.  O.,  Brandy.J 
wine  Summit,  etc.,  but  tlio  output  is  less  than  formerly,  because  the' 
deposits,  being  the  product  of  weathering,  tiave  in  some  cases  been 
exhausted  with  depth. 

These  kaolins  are  washeti  for  the  market,  and  in  some  instancee  the] 
siliceous  material  left  behind  is  used  for  silica  brick. 


Silurian  and  Devonian  Shales 

The  Tast  beds  of  shale  occurring  in  these  formations  In  the  eastern] 
and  south-central  portions  of  Pennsylvania  should  afford  an  excellent; 
field  for  exploitation  by  the  clay-worker. 

The  Devonian  is  found  overlying  lai^e  areas  in  norlhwestem 
sylvan  ia  and  may  be  of  value,  but  in  the  northeastern  counties 
beds  are  often  too  siliceous. 

To  the  south  and  southeast  the  Silurian  and  Devonian  formatio 
appear  as  a  series  of  bands  in  Lackawanna.  Luzerne,  Carbon,  Cumbef 
land,  Snyder,  Juniata,  Perry,  and   other  counties,  and   the  shale 
found  in  tbem  arc  worke<i  at  several  localities  for  the  manufacture 
both  building-  and  paving-brick.     The  Clinton  slmlcs  have  been  dug  fa 
hrickmaking  in  Laurclton  and   Hartleton  townships  of  Union  Couuty;1 
the  Manch  Chunk  shales  at  Pine  Grove,  WUIiainsport,  and  Sandy  Rua; 
and  the  Hudson  River  shale  at  ReiLding. 

Carboniferous 

To  the  clay-worker  this  is  the  most  important  group  of  formation 
occurring  in  Pennsylvania,  for  it  includes  a  wide  range  of  plastic  mate 
rials,  from  sandy  shales  up  to  the  higliest  grades  of  fire-clay.  Unfoc 
tunately,  no  detailed  systematic  study  of  the  shales  and  lino-clays 
the  entire  Carboniferous  area  of  Pennsylvania  has  ever  been  undertake 
although  many  scattered  references  to  them  are  given  in  the  repttr 
of  the  Pennsylvania  GeohiKical  Survey,  and  Hopkiius  has  treated  tbo 
of  Western  Pennsylvania  in  .some  detail.  The  various  references 
fuuml  on  p.  414.  The  occurrence-s  are  here  taken  up  in  re^Ior  ordfl 
l>eginning  with  the  oldest. 

Pottsville. — This  member  of  the  Carboniferous  is  composed 
of  sandy  beds,  as  sandstones  and  conglomerat<s.  hut  there  are  sei 
beds  of  shale  and  coal.      The  latter  b  often  underlain  by  shale  ant)  i 
some  instances  fire-clay. 

Mercer  or  Alton  fire-clay.— The  Upper  Mercer  coal  is  said  to  bti  u 
lain  by  a  fire-clay  in  KIk,  Hutler,  Huntington,  McKean,  and  Car., 
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lunties,  while  in  Ik'uvcr,  IjtWTcnoe,  and  Mercer  counties  shale-beda 
ivc  l>een  noticetl,  but  no  firp-clays. 

Sharon   upper  coal  fire-clay. — In  Elk  County  a  bed  of  fire-clay  is 
lid  to  be  often  iissociaied  with  tlic  upper  Marshburg  coal-bed,  and  has 
[been  worked  in  Benezette  to\\'nship.      Another  is  also  found  in  Mercer 
[County. 

Savage  Mountain  fire-clay. — This  clay  is  of  importance  in  Somerset 
[County,  and  while  not  of  tlic  highest  grade  is  said  to  have  given  exccl- 
I  lent  sjitisfaction  for  coke-oven  brick. 

Allegheny  or  Lower  Productive  Measures.— These  contain  a  number 
^of  important  beds  ()f  fire-rlay  and  cold   in  western  and  western -central 
!*ennsylvania.    The  formation  resta  on  the  Pottsville  fiaadstone;  and 
f«xtends  to  the  top  of  tlie  upper  Freeport  coal. 

Along  the  upper  Ohio  River,  where  the  section  is  specially  impor- 
l^ttnt,  the  following  beds  are  secn:^ 

Section  along  the  Upper  Ohio  Hivcn  in  Pennstlvania, 

1.  Cppcr  Krccport  coal;  "Four-foot" or "Uookstown 
vein  " 0  to  4 

2.  Firo-clay 2  to  4 

3.  Limestone I  to  4 

4.  Shalo  Jiitd    \  «i  •„  7n 

5.  Sand:*tone  / 50  to  70 

6.  Lowor  Freeport  coal  (usually  ahsent) 0to2 

7.  Fire-clny 0  to  5 

8.  I jaiestone  (sometimes  present). 

0.  ^nUiiione,  or  sandstoae  and  shale 70  to  DO 

10.  Darlington;  "  Block  vein  "  at  Smith's  Ferry I  to  2 

1 1 .  Fire-dav 4 

12.  Black  ufaip  with  iron  ncxiules 20  to  30 

13.  Lower  Ivittaniiicg  coal;  "Sulphur  vein" 2  to  3 

14.  Fire-cby 6  to  10  J 

15.  Sandstonel  An 

16.  Shale  | '" 

17.  LimeNtonK,  rerriforous,  "  Vanport  limestone** 1  to  20 

Black  fihftle 15 

fFire-clav       ] 

Sandy  ^Imle  [ 20 
Fire-clay       J 

19.  Clarinn  coal I  i 

20.  Fire-clav 4  to 

21 .  Sandstone. 23 

22.  Shale 25 

23.  nfYK>kv  nie  coal fl 

24.  Fire-clay 4 

BrookviUe  clay. — The  Brookville  coal  is  underlain  by  a  persistent 

nd  widely  distributed  clay.     In  the  upper  Ohio  and  Beaver  River 

tion  it  18  irregular  and  often  impure^^  but  in  other  regions  is  more 


ISO 


IQO 


'  V    S.  fleol.  Si]r\-.,  Bun.  225.  p.  467,  IW)4. 

«  R.  R.  Ilice,  Trans.  Amer.  Cer,  Soc.  Vol.  VII.  Pt.  11.  p.  251. 
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promising.    It  is  said  to  have  been  uscfl  for  Grc-brick  mamuaetnre 
Sandy  Ridge,  Bluebtill,  Woodlami,  and  Hope  Station,  Gearfield  County 
Benezette,  Elk  County;  Parkville,  Jefferson  County;  Queens  Run 
Farraadsville,  Clinton  County.     It  haa  also  been  mined  for  many  y 
at  Blacklick,  Indiana  County,  but  has  to  be  handpicked  to  remove 
ferruginous  concretions. 

In  Fayette  County  it  is  a  tlint-clay,  and  has  been  extensively 
for  fire-brick  manufacture.^     At  Brt«»kvine,  Jefferson  County,  the  coal 
underlain  by  15  feet  of  fire-clay,  but  only  the  upper  part  appears  to 
of  high  purity.2 

Clarion  clay, — This  clay  underlies  the  Clarion  coal,  and  is  said 
be  of  good  quality  at  most  localities.    It  has  been  used  at  Bolivar  U 
fire-brick,''  and  has  also  been  mined  on  Brady's  Run,  Beaver  CountyJ 
but  (toes  not  appear  to  have  been  much  develoi>od  in  that  locality,  e^'en 
though  purer  than  the  Lower  Kittanning  clay.    This  is  thought  to 
due  to  the  fact  tliat  it  is  less  accessible  than  the  Kittanning  clays,  and 
because  it  takes  a  longer  time  to  weather,  and  is  therefore  more  difhcult 
to  wash  for  pottery  purposes.* 

Other  iin}X)rtaut  deposits  Iiave  been  reported  from  near  Kittanninit,*^ 
where  they  have  been  worked  for  bulT  brick.  The  clay  Is  also  prasoat 
at  Johnstown,  and  Ben's  Run,  Cambria  County,  and  Pinkerton  Pointy 
Somerset  County. 

Ferriferous  coal  under-day.— According  to  the  Pennsylvania  Sun'ey 
reports  ^  a  deposit  of  fire-clay  occurs  between  the  Ferriferous  cool-bed 
and  the  Buhrstone  iron  ore  in  Armstrong  County.  It  is  probably  purely 
local  and  of  doubtful  value. 

Lower  Kittanning  fire-clay. — Underlying  the  Lower  Kittanning  coal 
there  is,  in  many  liwalities,  an  important  be<l  of  fire-clay  which  is  often 
more  vaulablc  than  the  coal,  and  has  been  extensively  used  for  the 
manufacture  of  clay-products.  At  times  there  is  an  interval  of  as  much 
as  30  or  .50  feet  between  this  clay  and  the  ferriferous  limestones,  but 
at  others  the  fi>rnier  rests  immediately  on  top  of  the  latter. 

White'  states  that  "eastward  from  the  Allegheny  River  this  clay 


'  Geologic  Atlas.  U.  S.,  Folio  82,  U.  S.  Geol.  Surv.,  p.  20. 

*  For  other  references  to  thia  clay,  soo  reports  of  Pa,  Geol.  Surv.  ba  (ollovs: 
HH,  p.  146;    H,  pp.  I'JO,  124,  IM,  22.-);  Q3,  pp.  27,  SI,  Jll,  134,  etc 

•Second  Pcnn.  Gool.  Sun-..  Ropt.  K3,  p.  13. 

*R.  U.  Hice.  Trails-  Aimr.  Ctr.  Soc,  Vol.  VII,  Pt.  11.  p.  253. 

•  Pn.  Geol.  Surv.,  Rppt.  H  .'5.  p.  245. 
•H5.  pp.  230.  249. 
'U.  8.  Geol.  Surv.,  Bull.  G6,  p.  172,  1891. 
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does  not  appear  to  be  very  important,  but  westward  from  that  point 
it  is  generally  present,  and  attains  its  maximum  development  along  the 
Beaver,  and  westward  from  there  down  tlie  Ohio.  It  is  much  used  by 
the  pottery  and  tile  works  at  New  BriKiitou,  East  Liverpool,  etc." 

Hicc*  states  that  in  the  Upper  Ohio  and  Beaver  River  r^ion  it  is 
persistent,  quite  constant  in  quality,  and  has  a  good  roof,  and,  on  account 
of  the  extent  to  which  it  has  been  worked  in  this  area,  is  sometunes  called 
the  "New  Brighton  Clay." 

The  Lower  Kittanning  clay  appears  to  vary  from  5  to  15  feet  in 
thickness,  and  often  consists  of  two  portions,  an  upper  soft  clay  and 
a  lower  hard  clay.  White  states  that  the  latter  is  used  for  fire-brick,2 
but  Woolsey  claims  that  this  is  the  more  siliceous  portion.^  This  clay- 
bed  has  been  extensively  used  in  Beaver  County  to  supply  the  factories 
of  potter}',  hollow  ware,  fire-brick,  and  paving-brick.  It  is  not  to  be 
understood,  of  course,  that  the  same  grade  is  used  for  all  pui-poses,  but 
that  different  parts  of  the  deposits  arc  used,  either  alone  or  mixed  with 
other  clays. 

The  sections  given  in  Fig.  61  represent  the  position  of  the  Ixtwer 
Kittanning  clay  at  several  localities.  The  Second  Pennsylvania  Geo- 
logical Survey  reports  refer  to  it  in  the  counties  of  Armstrong,*  Beaver,* 
Fayette,  !ind  Westmoreland.® 

Middle  Kittanning  clay. — This  bed,  known  also  as  the  Darlington, 
Is  sometimes  found  under  the  coal  of  the  same  name,  and  has  been 
noted  by  the  geologists  of  the  Second  Pennsylvania  Geological  Sur\'ey  in 
Allegheny,  Armstrong,  Tioga,  Blair,  and  Beaver  counties,  but  was  in- 
correctly referred  by  them  to  the  Upper  Kittanning.  It  does  not 
appear  to  be  an  important  bed.  Aeconling  to  Hinc  ^  it  is  worked  on 
Brady's  Hun  in  Beaver  County,  and  is  there  partly  a  flint-clay.  The 
-clay  Is  not  uniform  in  thickness,  and  of  more  variable  quality  than  the 
Lower  Kittanning. 

Woolsey  ^  states  that  in  the  Ohio  Valley  the  bed  ia  a  very  persistent 
one,  but  run-ly  worked  on  account  of  the  iron  nodules  which  it  contains. 

Upper  Kittanning  clay. — There  seems  to  be  a  difference  of  opinion 

'L.  c. 

'L.  c.  p.  172. 

» L.  c.  p.  -170. 

*  H5.  See  uUo  Hopkins,  Days  of  Western  Pennsylvaniii,  Aon.  Rept.  Pa.  State 
Collese.  1897,  p.  33. 

*  Q,  pp.  58,  59,  190,  193,  195,  205,  and  215. 

•  K3.  p.  40. 
'L.  c. 

•  L.  c,  p.  472. 
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regarding  the  occurrence  of  a  clay-<lep<Mit  at  this  horizon.     While  i 
may  be  present,  it  is  in  general  of  no  great  value. 

Lower  Freeport  clay. — Above  the  Kittanning  series  come  the  Free 
port  series,  consisting  of  two  coals  and  underlying  fire-clays,  and  twi 
limestones  which  underlie  the  clays. 


Flra  cla)- 


Flre  day 


L'UVT     ,1 

Kitl-irmliiL; 


llUj'-ll.lH-  I  '■ 


Fire  cliiy 


^^^ 


Ooftl 


Coal 
CoocealGd 


Coal 
Fire  cluy 


FcrrlfiTwus'.' 
iiuii-floii'-  J  ; 


Fio.  (U. — Vertical  sections  near  Xew  Brighton.  Pa.     (After  Hopkins.) 

The  Lower  Freeport  clay  does  not  appear  to  have  assumed  muc 
importance,  ami  little  mention  has  been  made  of  it  in  print.  In  t\ 
Upper  Ohio  and  Heaver  River  region  it  is  generally  quite  thin,  but  ■ 
places  reaches  a  \vi)rkab!e  thickness,  and  at  one  point  on  Brady's  Ru 


TIIE  NEW  YOU 
I^l'BllC  llfiEAEY 


«!(»»,  IXKQX  AND 
nUCN  FXtMJttXMNI 
■  I  I 
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feet  have  been  mined.     It  has  been  used  for  low-gnide  fire-brick, 
jt  lu^ually  carries  too  many  impurities  to  »]low  its  u&e  for  refruotory 
purposes.     It  is  gcneralty  thorouRhly  vitrified  at  cones  6  and  7.'     "On 
lock  House  Kun.  Beaver  County,  it  has  l^-en  worke<I  for  sewer-piiM;."* 
Upper  Freeport  Limestone  clay  or  Bolivar  fire-clay.— This  limetilone 
quite  generally  distributed  in  westeni  Pennsylvania,  but  when  absent 
but  sliplitly  represented  there  is  found  nt  its  horizon  a  bed  of  high- 
rade  fire-clay  known  as  the  Holivar  chiy.  and  lonti;  mined  at  the  locality 
the  same  name  in  WestmoFeland  County.     It  represents  a  non-plustic 
For  fliut-elay,  which  has  been  extensively  used  in  fire-brick  numufiu'tupe. 
^On  the  Ohio  and  Beaver  rivers  this  seems  to  be  replaced  by  a  less  refruc- 
ory  shale.    At  some  points  the  Bolivar  clay  and  upper  Freeport  clay 
fabove.  and  for  which  it  lias  sometimes  been  mistiiken,  may  lie  chi«e 
|U>gether,  as  at  .Salina.  Westmoreland  bounty.     It  is  also  known  in  Fay- 
ette, Indiana,  and  other  counties  of  western  Pennsylvania. 

Upper  Freeport  clay.~Thif>  utnlerlies  tlie  Upper  Freeport  coal,  but 
lie  often  more  persistent  than  iis  coal-betl.     In  the  Oliio  Valley  region 
[it  is  found  at  several  points,**  and  has  been  used  for  fire-brick,  Ijeing  some- 
tinitv  mixed  with  the  Lower  Kittanning  clay.     It  has  also  been  worked 
around  Bolivar  and  Salina.         •     • 

Conemaugh  Series  or  Lower  Barren  Measures. — ^These  consist 
largely  of  shales  and  sandstones  with  stjnie  limestones,  the  shales  pre- 
liomjnating  in  the  upp<*r  lieds  of  the  section  and  the  sandstones  in  the 
lower.  They  extend  from  the  Upper  Freeport  coal  to  the  base  of  the 
Pittsburg  coal,  and  their  general  character  can  he  well  aeen  frrnn  the 
accompanying  section  (Fig.  62).  They  form  the  surface  over  a  lai>;e  area 
in  Allegheny,  Arnistning.  Butler,  lieaver.  and  Westmoreland  counties.* 
Although  their  distribution  i.s  referred  to  in  the  various  county  reports 

tof  the  Second  IVnnsylvaniii  Oeologieal  Survey,  their  possibility  for  the 
manufacture  of  clay-prnducts  was  not  consideretl.  Their  importance 
was,  however,  well  set  forth  in  a  report  issiie<l  by  the  Pennsylvania  State 
boUcge.*  In  this  Affclder  states  tlint  at  Pittsburg,  whrn^  '.i'2f)  feet  of 
stratji  of  the  Conemaugh  formation  arc  cxp»»scd  between  the  level  of 
the  Monongahclii  lliver  and  the  ontcroj)  4jf  the  Pittsburg  coal  tienr  the 
hillt<»p,  almost  all  of  the  riwk  is  shale,  most  of  wliirh  is  well  lulapt^^d  to 
■the  manufacture  of  brick.  The  color  is  variable,  but  most  of  the  beds 
arc  red-burning.  Fire-clays  do  not  appear  to  be  abundant  in  the  Cone- 
mangh,  hut  some  low-gnule  ones  have  been  found  and  used  to  advan- 

'  Hire,  I.  c.  *  Woolaey,  I.  r.,  p.  472.  » Ibid. 

*S©c  mop,  r.  S.  Oeol   Surv..  Bull.  65. 

»  The  Clays  uf  Wrsteni  PeiituiylvantA,  Ann.  Rept.  Pa.  State  College,  1ft97  p.  137. 
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Pittsburg  coal. 

Concealed 

Limestone. . . . 


ShaleH,  variegated. 


Concealed. 


Sandstone,  Morgantown. 
Coal,  Klk  Uck 


Sandy  shales  and  shaly  .sandstone. 


Coal,  Hakpr-stouii 

Sliiitos  aiul  sumistoiie 

Linu'st(nu>,  TpiKT  Ciiinbridge. 


.S;inil>itoiio,  mussivc 

T^iin("^t()iie,  Lower  Canil»ridge. 
Shalrs    


('<»;il,  Mas(»ntn\vii. 
Shales 


Saiid^tnno,  Maliniiing. 


TJmeHtone 

Red  6hale 


Shales,  variegated 

Coal 1 

Limestone j 

Shales,  vari^ated 

Limestone,  Ames 1 

Coal ,  crinoidal I 

Red  and  variegated  shale 


I' 


Fio.  62. — Section  of  Up[jer  Barren   Measure.*;  in  Pittahurg  region,  Penn. 
tAlter  I.  C.  White,  V.  S.  C.eol.  Surv.,  Bull.  65.) 
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tagc  for  the  manufacture  of  building-  and  paving-brick,  as  at  Harmoa- 
ville.  Of  the  57  yards  listed  in  the  report  just  referred  to  over  two 
thinls  a^  shale  wholly  or  in  part. 

Monongaheia  Series  or  Upper  Coal-measures. — These  show  their 
■  greatest   development   in  southwestern    Peuusylvania,   and   while   the 
shale-deposits  do  not  api)ear  from  publislied  re]>orts  to  be  as  abundant 
as  in  West  Virginia,  still  occasional  thick  beds  of  shule  occur. 

An  important  clay-parting,  6  to  10  inches  thick,  is  found  iu  tlie  Pitts- 
burg coal-bed,  and  is  used  in  the  Mononnahcla  Valley.  It  has  to  be 
removed  in  mining  the  coal  and  can  hence  be  made  a  source  of  profit. 
The  shale  over  the  coal  has  been  used  at  Fayette  City  for  making  red 
brick,  while  at  Pittsburg  the  shale  of  this  group  is  used  for  making  brick 
and  tcrrn-colta  lumber. 

Pleistocene  Clays 
These  are  distributed  over  most  of  the  State.     They  arc  of  superficial 
charai^ter  and  rarely  of  great  extent.     Around   Philadelphia  the  Col- 
umbian loams  have  for  many  years  been  worked  for  both  common  and 
Dressed  brick. 

la  western  Pennsylvania  clays  are  found  under  many  river  terraces, 
notably  along  the  Allegheny,  Monongahela,  Beaver,  Ohio,  and  Youghio- 
jheny.*  Along  the  Ohio  and  lieaver  rivers  there  are  tliree  well-marked 
races,  lying  respectively  30-50, 150>  and  200-250  feet  above  the  river- 
el.  Clays,  which  are  dug  in  the  highest  and  lowest  of  these,  are  used 
lor  brick  and  earthenware,  and  excellent  results  are  sometimes  also 
obtaiucd  by  mixing  these  with  shales. 

.\NAL.Ysmi  *>r  Pennsylvania  Cuirs 


Silica  (SiO,) 

lAIuniina  CAUOi) 

Ijerric  onde  (FejOj). .. . 

[X>inie  (CaO) 

Dettia  (MgO) 

oUiih  (IU)). 

"    (Nb^) 

^aier  <H^) 

nianjiim  oxide  (TiOt). , 

_iition 

Bul|^\ir  trioxide  (SOi).. 

Organic  and  \om 

ang.  dioxide  (MnOj)  , 


73.30 
17.43 

0.37 

0.02 
I  is 

2,99 
0   17 

4  68 


n. 


59  M:i 
2fi  9*1 

1.9S 

Oil 
0  50 
0.94 
0.24 

9.56 


III. 

46.20 

m .  25 

1.B4 

O.ll) 
0.32 
1.09 
0.S5 
13.54 


IV. 


.72 

.7;i 

.87 
.37 


4.58 


.87 

7^ 


V. 


VI. 


44.04 
39,44 

O.M 
0,07 
0.11 

0.72 


14.13 

tntce 


55.21 
31.18 

}0.07 

0.18 
0.11 

0.23 

13.02 


0.23 


VII. 


45.65 
34.73 

3.54 

O.U 
O.CI 

5.75 


«*  65 


VIII. 

58.75 
25.17 
f  FeO 
13.19 
0.71 
0.03 

3.53 

8.U 
1.05 


trnoB 


*  Fnr  trttrtiKx*  Me  foot  at  uM^.  p.  414. 


>  Uopkiua,  Aim.  Rep.  Ta.  Stale  CoUege,  1897,  p,  144. 


I. 
n. 

m. 

IV. 
V. 

vi. 
vn. 

VIM. 
XI. 

xir. 

XIII. 

XVI. 

XV. 

XVI. 


ICount  Holly,  white  mixod  day,  rMiilual. 

Ocnuhohocken,  p«Tti-c>olored  cuiy,  r«-.4idual. 

BranctywiD«  Bummk.  ruiduiL 

Wtlntarlh  Station    MBroer  fire-cUy. 

Flclelwr  mine,  KLx  County.  Sbftron  Cirv-idfty. 

Kr>nierwt  (.^umy,  Mt.  (Uvage  fire-clky. 

tSuridymlflc.  L^artield  Cotmiy,  Ertmiivilla  undot-^ay. 

Kituuininii.  riarion  rrml  under'«Uy. 

AUcsheny  Funucn.  ferrirprouj>  ccwu  unJer-day. 

New  Briflhton,  KiriNiininK  ln((vr  rnol  undM'-elay, 

Sftliiu,  KiAr  BrtE*..  Bi^livgir  tnKlat^Uy.  flint -ctay. 

"  ••       '•  ■■  ■•         tiliwiip.  rUy, 

Nflw  Brichtoa.  MrndriihoU  A  C'hjiml«>rlitiii.  iprracn-clKy. 

"  HvcrMrtn  A  SluTWocH.  l«rrnoe-<!l»y. 

AUeclienv.  AlUghfiiy  Brick  fX)..  anulytris  uf  liriak. 
Burfcr.  Bull<>r  Brick  ami  Til«  Co. 
NcM.  l-XVt  from  U.  8.  IJenl.  Surr.,  Prof.  P»p.  II. 


I 


In  other  parts  of  the  State  many  local  deposits  are  emplo^'ed  U 
common  and  pressed  brick.* 

References  on  Pennsylvania  Cla3rs 

1.  Ashbumer,  C.  A.,  Report  on  the  Brandy  wine  Summit  Kaolin  Bed 
Delaware  County,  Geol.  Surv.  Pa.,  Ann.  Rept.  for  1885.  p.  592.  IS.S6 

2.  Hice,  R.  R.,TheClaysof  theUpperOhio  and  Beaver  River  Kegioo 
Trans.  Amer.  CVram.  See,  VII,  Pt.  II,  p.  251,  1905. 

3.  Hopkins,  T.  C,  Feldspars  and  Kaolins  of  Southeast^!!  Pennsil 
vania,  Franklin  Inst.  Jour..  CXLVIII,  p,  1 .  1S99. 

4.  Hopkins, T.C.,  Fire-clays,  Mines  and  Minerals,  XIX,  p.  53, 189* 

5.  Hopkins,  T.  C,  Clays  and  Chiy  Industries  of  Pennsylvania.  Pt 
ni;  Clays  (»f  the  Great  Valley  and  South  Mountain  Areas,  Pa.  State 
Coll.,  Ami.  Uq)t.,  1S09-19(M),  Appendi.\,  4.5  pp. 

6.  Hopkins,  T.  €.,  Clays  and  Clay  Industries  of  Pennsylvania,  Pt.  11; 
Clays  of  Southpaatern  Penusylvania  (in  part),  Pa.  State  Coll.,  Ann. 
Rept.,  1898-99,  Appendix,  76  pp.,  1900. 


'  Many  lociilitie*  nrc  uotecl  in  Prof.  Paper  11,  U.  S.  Geol,  Surv.,  pp.  235-238. 


NORTH  DAKOTA  TO  WYOMING 


415 


7.  Hopkins,  T.  C,  A  Short  Discussion  of  the  Origin  of  tlie  Coal- 
[leasure  Fire-<;Iays.  Amer.  Geo!.,  XXVIII,  p.  47,  190J;  also  Mines  and 
linerals.  XXII.  p.  296.  19()2. 

8.  Hopkins.  T.  C,  Tlie  White  Clays  of  Southeastern  Peunsylvania, 
Cng.  ami  Min.  Jour..  LXX,  p.  VM,  1900. 

9.  Hopkins,  T.  C,  Clays  and  Clay  Industries  of  Pennsylvania,  Pt.  I; 
lays  of  Western  Pennsylvania  (in  part),  Pa.  State  Coll.,  Ann.  Kept,  for 

1897.  Appendix,  pp.   I -IS3,   1898. 

10.  Piatt,  F.,  Tests  of  Fire-brick,  Pa.  Gcol.  Surv.,  Kept.  MM,  p.  270. 

11.  Wright,  G.  F..  The  Age  of  the  Philadelphia  Brick-clay  (Pcnnsyl- 
inia),  Science,  n.  s.,  iii,  p.  242,  I89G. 

12.  Many  analyses  in  IViin.  Gcol.  Surv.,  Hept.  MM.  p.  257,  et.  acq. 

13.  S<^attered  notes  in  llejiorus  of  Set;.  Penn.  Geol.  Surv.,  especially 

IH4,  H5.  C4,  C5. 
I  Rhode  Island 


This  State  has  very  limited  clay  resources.     Glacial  clays  are  known 

|«t  a  few  points  around  Narragausett  Uay,  but  the  principal  occurrence 

found  in  the  town  of  Barrington.  where  tlie  deposits  of  bluLsh-gray, 

metimes  sandy  days  arc  worked  for  the  manufacture  of  common  brick. 


References  on  Rhode  Island  Clays 

1.  Woodworth,  J.  B.,  Shaler.  N.  S.,  Miirbut,  C.  F.,  The  Glacial  Brick- 
rlays  of  Rhule  Island  and  Southeastern  Massachusetts,  U.  S.  Geol. 
Surv.,  17tli  Ann.  fU^pt..  Pt.  1.  p.  957,  1S96. 

H  South  Carolina 

^  The  northwestern  part  of  the  State  is  underlain  by  crystalline  roclra, 
which  extend  to  the  edge  of  the  coastal  plain,  the  line  of  division  passing 
a  short  distiince  southeast  of  Chesterfield  and  Camden,  through  Columbia 
and  west  of  Aiken. 

Residual  Clays 

These  are  to  be  sought  for  throughout  the  crystaUine  belt,  and  are 

lally  impure.     No  kaolins  are  reported,  but  many  of  the  whitet-burn- 

sedimentary  clays  of  the  cnastnl  plain  are  incorrectly  termed  such. 

Coastal-plain  Clays 

The  formations  of  this  area  range  from  Potomac  to  Columbian  in 
k-i  and  consist  of  clays,  loams,  and  marls.    Of  these  the  Potomac 


'ParUin.  U.  S.  Oeol.  8tirv.,  Bull.  138. 
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beds  are  by  far  the  most  important,  outcropping  in  a  belt  from  4  to  5 
miles  wide,  reaching  from  Augusta,  Ga.,  through  Aiken  south  of  Lexing- 
ton and  through  Columbia  to  Camden  and  Cheraw.^  This  contains 
lenses  of  white  clay  which  are  worked  at  Aiken,  Columbia,  Sievern, 
and  other  points.  The  clay  usually  has  to  be  washed  and  is  sold 
chiefly  to  paper  manufacturers.  The  Eocene  deposits  to  the  southeast 
of  the  Potomac  area  also  carry  clays  of  value.  These  deposits  have 
recently  been  described  in  some  detail  by  the-  South  GaxoUna  SUte 
geologist.^ 

The  chemical  and  physical  properties  of  a  number  of  then,  takes 
from  this  report,  are  given  in  the  acconq>anying  table. 


I 


Analyses  of  South  Carolina  Cults 


Silica  (SiO.) 

Alumina  (AlX)s) 

Ferric  oxide  (FesOj). . 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (KaO) 

Soda  (Na,0) 

Titanium  oxide  (I'iOj). 
Ignition 


I. 


44.23 
38.98 
0.77 
0.03 
0.07 
0.26 
0.55 
0.85 
13.58 


II. 


43.18 

37.36 

0.91 


0.50 
2.00 


14.32 


III. 


44.1] 

38.19 
1.65 
0.14 

trace 
0.50 
0.53 
1.30 

13.37 


IV. 


45.09 

37.47 

1.01 

trace 


0.08 

0.69 

1.44 

13.98 


T. 


42.80 

8S.M 

2.64 

0.80 

0.7S 


15.43 


Silica  (SiO.) 

Alumina  (ALOr,) 

Ferric  oxide  (Fol-Os)  . 

Lime  (('at>) 

Magne-i^ia  (SigO) 

Pota-sh  (K.()) 

Soda  (.Va,0) 

Titanium  oxide  Cl'iOiO 
Ignition 


VI. 


VII. 


79.40 
10.70 

2.57 
0.58 
1  05 
1.21 

o.2;i 

0.55 
3.94 


53.19 
33.41 
1.67 
0.10 
0.25 
0.66 
0.12 
0,37 
10.63 


VIII. 

IX. 

54.40 

52.46 

30.14 

26.81 

2.10 

1.79 

0.46 

0  81 

0  54 

0.33 

0.87 

0.12 

11.37 

14.44 

I.  Tmmnculato  Kaolin  Co,,  lAHKley. 
II.  Storling  Kacilin  Co.,  near  Warrenvillc. 

III.  .1.  Itnxiie,  12  milen  north  of  Aiken. 

IV.  Iinjiorinl  Kaolin  Co.,  Sie\'em. 

V.  CarfJina   Fire-brirk  Co.,  east  of  Killian. 
VI.  A.  W.  Sutler,  Clarendon  County. 
VII.   Dents'  Ponf!. 
Vlll.  A.  B.  0-;horne.  Union  tbunty. 
IX.   II.  Hamilton.  .InnewviUc. 
X.  Dr.  Parker,  EdseSeM. 


52  41 

21   14 

12  02 

1  M 

0  56 

0  flS 

1  12 
1.47 
K  f)5 


»  Darton,  U.  S.  Cool.  Surv.,  Bull.  138,  p.  208. 

>  E.  Sloan,  S.  C.  Geol.  Sur\'.,  Series  IV,  Bull.  1,  1904. 
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South  Dakota 

ttle  information  lias  \jeen  puhtislied  regarding   the  clays  and 
ihis  State,  and  it  is  difficult  to  dis<*usfl  them  by  formations,  as 
[has  hcfii  dniic  with  most  of  the  other  States. 

Aside  fnjm  scattered  references,  the  best  and  most  recent  iiiforma- 
[tinn  Is  (hat  given  liy  J.  K.  T(Kld.^  from  which  most  of  the  facts  below  are 
[taken. 

Clays  ttlwund  in  many  pju1s  of  the  State,  the  most  important  deposits; 
[being  found  in  the  Cretaceous,  which  is  largely  composed  of  clay-  or 
I  sliale-iicposits,  but  clays  of  the  lower  grades  are  not  wanting  In  the 
iPleistticenc  formations.  None  appear  to  have  been  notetJ  from  the 
[Carboniferous.  It  seems  likely  that,  owing  to  the  absence  of  local  de- 
fmnnd.  distance  from  im]>ortant  markets,  anil  in  some  cases  remoteness 
lof  the  deposit.s  fnmi  nii!r<mds,  the  development  of  the  beds,  unless  of 
jhigli  grade,  will  !«■  necessarily  slow. 

Kaolin,  apparently  derived  from  the  weathering  of  a  granite  vein, 
[has  been  reported  from  the  vicinity  of  Custer,  but  much  of  it  is  said  to 
[be  white-burning  and  of  comparatively  ea.sy  fusibility.  The  possibility 
lof  fintling  it  in  the  Harvey  Peak  and  Nigger  Hill  regions  is  also  sug- 
Igc^ted. 

Fireclays  are  found  at  three  or  four  horizons  in  the  Fuson  formation 
[of  the  Crelace+ius,  and  are  best  developed  in  the  vicinity  of  Rapid  City, 
[■where  they  have  been  used  for  fire-brick  manufacture.  Stmilur  be<ls 
[occur  at  Hot  Springs.     Analyses  of  the  Rai)id  City  clays  are  given  below. 

It  is  p<iRKible  that  fireclays  may  underlie  the  lignite  beds  of  the 
[L:irantie  in  the  Cave  Hills,  but  no  search  has  been  made  for  them. 

Potter's  clays  have  not  been  definitely  located,  but  there  are  many 
Idnib  and  gray  plastic  shales  in  the  Fuson,  Dakota,  Pierre,  and  T.^ranite 
Ifornmtious  of  the  Cretaceous,  which  might  answer  for  this  purpose. 
||^)me  of  the  Tertiari-  beds  may  also  prove  of  value. 

These  materials  are  distributed  in  all  parts  of  the  State,  but  cast 
of  the  Missouri  River  the  heavy  covering  of  glacial  deposits  renders 
tliem  more  or  less  inaccessible,  except  where  they  have  been  exposed 
[along  the  larger  streams. 

Brick-clays  have  not  been  extensively  worked.  IVofessor  Todd  states 
at:  "Over  much  of  the  State,  particularly  in  close  proximity  to  the 
irincipal  towns,  good  brick-clay  is  not  ver>"  accessible.  This  results 
irn  the  fact  that  the  settlements  have  been  mainly  mode  iu  the  glacial 
eg  ion  east  nf  the  Missouri  and  in  the  tnountAinous  region  of  tlie  Black 
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Hills,  where  the  clays  are  generally  stony. ...  In  the  rqdons  between.] 
where  cluy  is  more  ubundnrit,  the  popuhitum  has  been  small  and  fudl 
Bcurt'C." 

.Mluvium  is  used  for  common  and  pre&setl  brick  at  Vermilion,  t1»y] 
Cuuiity,  ixtid  the  same  products  are  made  from  similar  matcriaU  at\ 
Rapid  City,  De  Sniet,  Big  Stone  City.  Lead  City,  etc. 

The  glacial  clays  are  usuully  unsaiisfactor}',  because  of  the  pcbbk 
and  concretions  which  they  contain. 

Akalysea  of  Soi;th  Daxota  Clays 

1.  n.  IIL 

Silica  (SiOa) Ki.aO  7«.78  81.06 

Alumina  (AM*,) 12  :tO  H  43  13  08 

Ferric  oxide  (Fe/ii) 0  SO  0  18  0  21 

Limt-  (CaO> 1 . ;W  2  18  1. 46 

Magnesia  (MgO) Iroco  0  95  0-31 

Alkalies  (Na,O.KA>) trace  trace 

Loj«  on  ignition 4  02  4  ,07 

97.70  99  t4  101.11 

I.   Riipi'l  liry.  1 

II.   I->>1  ■J'ipc  «f  riiljte  at  VmvM  QHy   >  KVon  S.  tlMk.  Urol  Smrv,,  Bull   A. 
111.  KtN?k*mllfi  Hill.  Rapid  0ty.  | 

References  on  South  Dakota  Clays 

1.  Todd,J.K,  The  Clay  and  Stone  Resources  of  South  Dakota.  Kng^] 
and  Min.  Jour.,  L.Wl,  p.  .^71,  1898. 

2.  Todd,  J.  K.,  The  Mineral  Resi^urces  of  8outh  Dakota,  S.  iMkJ 
Geol.  Surv.,  liuU.  3. 


Tenneesse 

Probably  less  is  known  regarding  the  clays  of  Tenno5.see  than  tlK« 
of  any  other  Eastern  iStatcs,  The  geologic  formations  tMTurring  in  Tcnn 
essee  inrlude  prc-Canihrian,  CanibruiUj  Ordovician,  Silurian,  Devonia 
CarbonifertiUK,  Koceno,  and  lUcisluceue. 

The  pre-Cambrian  rocks  occur  in  small  areas  alone  the  eastern  bnnJ«J 
while  west  of  them,  and  folded  into  many  n-irrow  l>cHs,  lie  rocks  *»f  Car 
bro->Siliiriim  age.     The  Carboniferous  extends  fnnn  the  east<'rn  edge 
the  Cumberland  Plateuu  westward  to  beyond  the  Tenne6.«»ee  Uiver. 
birge  area  of  SiluH.-in  is  f<nind  in  tlie  central  part  of  the  State,  whil 
another  is  fnund  along  the  Tenne.ssee  River  in  the  southern  half  of 
.<^tatn.    This  i.-*  followed  by  a  broad  belt  of  Tertiarj'.  which  in  turn 
separate*!  from  the  Mississippi  River  by  a  band  of  Pleistocene. 
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Pre-Cambrian  Clays 

No  kaolin-deposits  have  been  described  from  the  crystalline  area 
of  eastern  Tennessee,  although  it  is  prttbable  that  some  at  least  exist,  as 
the  author  has  seen  samples  of  kaolin  from  this  region.  They  will  be  of 
little  commercial  value,  however,  unless  located  fairly  close  to  lines  of 
transportation. 

Palteozoic  Residual  Clays 

The  rocks  of  the  Palaeozoic  formations  yield  residual  clays  from 
both  limestones  and  shales.  These  arc  usually  impure,  although  often 
tough  and  plastic^  and  are  much  iLsed  for  brick-  and  tile-making.^ 

Some  of  the  highly  siliceous  clays  derived  from  the  Knox  dolomite 
are  refractory ,2  and  fire-brick  are  made  from  them  near  Cleveland.  At 
Smithville  a  white  clay,  derived  from  the  slate  in  the  upper  part  of  the 
Fort  Payne  division,  is  used  for  pottery. 

Carboniferous 

There  is  but  little  recent  reliable  information  relating  to  Carbon- 
iferous clays  or  shales  in  Tennessee. 

J.  M.  Safford,  in  his  report  on  the  Geology  of  Tennessee  published 
in  1S60,  refers  to  the  following  occurrences  of  day  in  the  Carboniferouri: 

Xcar  the  Cumberland  Iron  Works,  in  Stewart  Ci)unty,  is  a  bed  of 
fire-clay  of  Lower  Carboniferous  age;^  another  occurs  4  miles  southwest 
of  Cumberland  City,  in  Stewart  County;  in  the  valley  of  Crow  Creek, 
near  Anderson  station,  tlie  coal-mea*urcs  at  the  margin  of  the  table- 
laod  show  a  fire-clay  3  feet  thick,  103  feet  !)clowthe  top  of  the  cliff;*  in 
Franklin  County,  near  the  Gnmdy  County  line,  and  4  miles  northwest 
of  the  track  of  Sewanec  road  at  the  old  Logan  bank,  is  a  bod  of  clay  115 
feet  lx?low  the  conglomerate;  ^  near  the  lower  end  of  the  Hattle  Creek 
Valley,  in  Marion  County,  is  a  bed  of  fire-olay  2  feet  thick;  5  miles  south- 
east of  Tracy  City,  and  IJ  miles  from  Parmly  Bank,  a  bed  of  clay  under- 
lies the  main  Sewaneecoal;®  another  occurs  at  thenorthend  of  Lookout 

•  Many  scattered  rcfurcncca,  hut  of  ver^'  brief  chanictLT,  are  tu  Ikj  found  in  the 
U.  S.  Geol.  Sun'.,  Gcol.  Ath\s  Folios,  :is  follows;  No.  21  (rikeville);  10  (Knoxville); 
59  (Bristol);  4  (Kingston);  «  (SewnnetO;  2  (Ringgold);  53  (Stnndingstonc);  40 
Wartbiirg;  27  (Morristown);  22  (McMinnville). 

'  r.  S.  Geol.  Siirv.,  GeoL  AtlaH,  Folio  Xo.  2  (Ringgold). 
'  Saftord,  Geology  of  Tennessee,  p.  349. 

•  Ibid.,  p.  372. 

•  Ibid.,  p.  373. 

•  Ibid.,  p.  380. 
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Mt^untam,  below  tbe  upper  conglomerate.^  Many  of  the  under-cUvBof 
the  coal-aeama,  according  to  Safford,  are  of  refractorj'  charaoter.*  Fire- 
clays, mostly  undeveloped,  are  said  to  be  associated  with  the  coais  m 
the  areas  covered  by  the  following  Geologic  Atlas  Folios:  Standingstooe, 
No.  53;  Wartburg,  No.  40  (used  for  pottery).^ 

In  the  Kingston  region  the  beds  of  rlay  which  underlie  the  coals  we 
no  doubt  refractory  iu  many  cases,  but  they  are  wholly  undevel(^»ed.* 

Tertiary 

In  western  Tennessee  the  plastic  clay  immediately  underlying  the 
Lafayette  formation  serves  as  the  basis  of  a  rather  active  stoneww 
and  fire-brick  intiustr)*.  The  section  usually  seen  in  the  clay-pits  mvdva 
red  Lafayette  sands,  which  seem  to  overlie  unconformably  tbe  beds  of 
stoneware^lay  and  white  sands. 

One  pottery,  located  at  Grand  Junction,  used  clay  from  the  various 
pits  of  the  vicinity.  The  clay  varies  in  quality.  In  tbe  pits  of  tlte 
Irwin  Clay  and  Sand  Company,  IJ  miles  east  of  the  station,  along  tbe 
railroad,  the  section  ia:^ 

Feet.        Indies. 
Re<l  Sand 

White  sand 8 

White  clay 8 

Gray  liguitic  clay 8  10 

White  clay 20 

The  clay-<lepositR  are  very  irregular,  sometimes  running  together  to 
form  overlapping  lenses  in  the  white  and  yellow  sand.  Potteries  are  in 
operation  at  Mackenzie,  Jackson,  and  i'inson,  but  at  the  latter  lov&lity 
the  clay  is  also  used  for  fire-brick  and  tUes.*^ 

The  clay  at  Hico,  3  miles  south  of  Mackenzie,  is  shipped  to  the  pot- 
teries at  Akron  and  East  Liverpoolj  Ohio,  and  Louisville,  Ky.,  while 
the  clays  from  Hollow  Rock  are  shipped  to  Nashville. 

>  SaB«rd.  Geology  of  Tcnuossco,  p.  385. 
'  Ibid.,  p.  .M3. 

»  Sec  also  Geotogic  Atlas  U.  S.  Folio  33,  Briceville;  Folio  21.  Pikevillo;  Folio  I 
Kingytou. 

*  Idem,  Folio  4,  Kingston. 
•Eckel,  U.  a  Geol.  Surv.,  Dull.  213, 1903,  p.  382. 

•  Idem. 
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Three  miles  east  of  CXirricr  arc  the  pits  of  I.  Miinrlle,  where  an  area 
I  by  50  feet  has  been  openeti  up.     Tlie  section  ia  im  fulluws; 

East  Side.  West  Side. 

2  feet  clay Reddish  sand 

4  feet  clay 15  feet  light-gray  clay 

1  foot  black  clay  (lignitic) 1  foot  black  clay 

5  feet  brown  clay  (ball-clay) 5  feet  ball-clay 

The  bases  of  the  two  sections  arc  at  the  same  level,  hence  the  beds 
"are  verj'  irregular.    The  light^gray  clay  is  shipped  to  East  Liver|>ool, 

■Ohio,  for  saggers,  and  the  ball-clay  is  known  as  Tennesssee  ball-clay 
Jfo.  3.  Tests  of  samples  of  this  clay,  made  by  S.  Gcijsbeek,  show  that 
it  leaves  10  per  cent  residue  on  a  175-mesh  sieve.  ItJt  rational  com- 
position is: 

Per  cent. 

Clay  substance 91.35 

Feldspar. 2.70 

Quarto 5.95 

It  will  carry  as  much  as  72  per  cent  of  non-plastic  material.     Tho 

^shrinkage  at  cone  1  is  12.5  i^er  cent;   at  cone  2,  18  per  cent.     II  burns 

[white  at  cone  1  and  gray  at  cone  S,  being  vitrified  at  that  t  tempera  tare. 

This  ia  located  5  miles  from  Paris,  and  the  clay  ia  shipper)  from  Currier, 

rhich  is  3  miles  from  the  mine. 

Tennessee  ball-tiay,  No.  1,  found  in  Henry  County,  shows  the  foUow- 

i:  rational  analysis: 

Per  cent. 

Clay  substance 88.20 

Feldspar 2.70 

Quartz 11 .  10 

It  carries  SO  per  cent  non-plastic  material   to  the  mixture.     The 
otal  fire^hrinkage  ut  cone  S  is  15  per  cent,  and  at  tliis  temperature 
It  bums  to  a  cream-white  color  and  dense  body. 


Alluvial  Cla}rs 

Allunal  clays  are  found  in  many  of  the  river  valleys,  and  in  most 
are  the  wash  from  the  rcsidunl  clays  of  surrounding  areas.    They 
underlie  the  river  terraces.    These  terrace-clays  are  use<i  in  the 
I.ivnardville  arca.^     Others  are  common  in  the  region  around  Morris- 
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town,*  especially  in  the  low  grounds  of  the  Lick  Creek,  Nolichucky,  and 
Prench  Broad  valleys. 

The  following  analyses  of  Tennessee  clays  have  been  gathered  from 
different  sources; 

Analyses  op  Tennessee  Clats 


LocaUty. 

S1O7.  AljOs.  FeaO,. 

1 

CaO. 

MgO.  1  Alk. 

HjO. 

Mois- 
ture. 

tfaO. 

Fdwdes  Station. 
Chattanooga.  . . 

45  OO'SO.OS    4.50 

68  35  12.96    6.44 
68  06'a0-42    1.64 

1 
70.57  15.19    7.07 

4.70 

0.23 
0.16 

0.78 

4.80 

1       1  2  14 
0.33    2.18 

0.32    2.80 

10 

7 
6.50 

1 

8 

0.0 
tnu» 

CnMsley ,  aoatym  ol 

cL|VB 

J.  W.  Sloeuin.  uul 
TenneBMe    F»\-ii>g- 

briek  Co. 
Oay-wotfcer.   Dec. 

References  on  Tennessee  Clays 

1.  Eckel,  E.  C,  Stoneware  and  Brick-clays  of  Western  Tennessee 
and  Northwestern  Jlississippi,  U.  S.  Geol.  Surv.,  Bull.  213,  p.  382,  1903. 

2.  Ries,  H.,  The  Clays  of  the  United  States  East  of  the  Mississippi 
iliver,  U.  S.  Geol.  Surv.,  Prof.  Pap.  11,  1903. 

Texas' 

Deposits  of  clay  or  shale  are  scattered  over  dl  parts  of  Texas,  but 

only  those  in  the  eastern  part  of  the  State  have  been  systematically 
investigated.  Indeed,  it  is  not  likely  that  those  occurring  in  the  western 
jiart  will  be  developed  to  any  extent  for  some  time,  owing  to  the  sparsely 
settled  character  of  the  country  and  lack  of  transportation. 

The  annual  reports  of  the  First  Geological  Survey  contain  scattered 
references  to  (^lay-deposits,  but  few  tests.  In  1903  the  University 
Mineral  Survey  undertook  an  examination  of  those  deposits  lying  east 
of  the  99th  meridian,  and  the  results  of  this  work  have  appeared  in 
condensed  form.^  The  following  remarks,  unless  othenvise  stated,  deal 
with  the  area  mentioned. 

The  map,  Fig.  63 ,  sliows  the  location  of  nearly  all  the  deposits  examined, 
their  relation  to  the  geology  of  the  State,  and  the  type  of  clay  found  at 
each  locality.  From  this  map  it  will  be  seen  that  the  clay-dcposit.s 
found  within  the  area  under  discussion  range  from  Carboniferous  lo 
Pleistocene  in  age,  the  older  deposits  being  found  in  the  northwestern 


'  Geologic  Atlti-s  U,  S.,  Folio  27,  Morristown. 
*  Anier.  Inst.  Min.  Eng.,  nimon.  Bull.,  190G. 
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Carboniferous  Clays 

The  r:»rhnnifer(jus  rorks  of  northern  Texas  nutrrop  in  a  broad 
extending  fmm  the  south  side  of  the  t'olorndo  River  Valley,  liel 
Lampasas  ami  Concho  (bounties,  northward  iis  far  as  the  Red  Riv 
in  iMonta^aif!  County.  This  belt  is  ubout  250  miles  long  and  avCTaci- 
about  45  miles  in  width.  The  rorks  consist  of  a  succession  of  shales  and 
sandstones,  together  witli  occasional  beds  of  limestone  and  coal,  showing 
a  genib  west  iint\  northwest  dip  nf  a  few  feet  per  mile.  The  entire  serioaj 
is  subdivided  into  live  groups  (Hef.  2).  Scattered  itirouKh  these  are 
nun)bcr  of  beds  of  shale  of  excellent  quality,  some  of  which  are  a»o< 
ciated  with  the  coal-seams  and  coukl  be  mined  in  connection  with 
them,  wliiJe  others  t>utcrop  on  the  surface  (I'l.  XXXVII,  Fig.  1),  wlien 
they  are  easily  accessible  for  working. 

These  shales  have  been  worked  at  only  three  localities.  numely.Tliur- 
ber.Millsiip,  and  Went hcrf<)rd,  and  are  u.-^cd  for  dry-pre«se<i  brick. siiff-mi 
paving-brick,  and  for  potterj-.  Other  gf>od  deposits  are  known  t4>occiU 
at  CIndiam.  Bridgeport,  and  Cisco.  ,\one  of  these,  as  far  as  known,  an 
of  refractory  character.  Some,  aa  might  be  expected  from  their  rhee 
association  with  coal-seams,  are  quite  carbonaceous,  and  therefofe 
of  less  value,  becau.'^e  of  tlie  trouble  they  woukl  rnuse  in  btiming.  The 
■uniformity  of  tJie  Carboniferous  slmle-beds  is  much  greater  than  tha^ 
of  the  Tertiary  clays,  and  they  moreover  extend  over  greater  areaa. 

Cretaceous  Clays 

Lower  Cretaceous.-^The  formations  of  this  age  occupy  an  area  I 
the  east  and  south  of  the  Carboniferous  beds.  They  are  not  utilized,  nor 
do  they  appear  to  contain  any  depfisits  o(  use  for  anything  Ix-tter  tbait 
common  brick.  They  can  therefore  lie  passed  over.  Near  Leakr* 
Edwards  County,  Texas,  there  occur  some  most  curious  deposits  of 
white  clay,  which  lias  usually  been  referred  to  as  kaolin.*  The  materia 
is  a  whitish  clay,  with  pink  and  purplish  moitlings,  whicli  forma  \^ 
like  deposits  in  the  I-^lwards  limestone.  .Scattered  through  it  are  cr\'« 
talline  masses  of  aragonitet?).  Owing  to  ttie  condition  of  the  workinp 
it  is  difficult  to  determine  its  exact  relations  to  the  surrounding  limestooe 
As  tlie  deposits  are  of  small  extent  and  40  miles  from  the  railroad  theil 
comniercial  value  is  doubtful. 

Upper  Cretaceous. — This  diviaitm  of  the  Cretaceous  carries  a  numl 
of  important  clay-deposits,  some  r>f  which   are  of  great   ext< 
unfortunately  are  not  the  must  valuable  clay-beds  in  the  State. 


>  frirflt  Ceol.  Sur%-.  nf  Texas,  2*1  Ana.  Rept..  p.  li,  1K91. 
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The  Upper  Cretaceous  rocks  extend  across  Texas  in  a  broad  belt 

3inthcR,ed  River  north  of  Sherman  down  to  Eagle  Pass,  which  li&s  about 

fie  middle  of  the  band.     Fort  Worth  is  on  the  western  edge  and  Austin 

>warda  the  southeastern  border.     A  second  belt  extends  along  the  Red 

iver,  with  narrowinK  width,  until  it  passes  out  of  the  State  in  the 

aorthcastern  corner.     Since  the  dip  is  tci  t!»e  siiULhcast.  the  <ilder  beds 

^re  found  along  the  western  edge  of  the  belt,  and  the  higher  or  younger 

snes  on  the  east  where  they  pass  l>eIow  the  Tertiary  strata.    Owing  to 

he  dissimilarity  of  the  several  numbers  of  this  group,  it  becomes  neccs- 

XTY  to  refer  to  them  indiviilually,  beginning  with  the  oldest. 

Woodbine  forxnation. — Tliis  consists  of  a  series  of  sandstones,  claySf 

hnd  clayey  sands,  often  containing  leaf  impressions  and  lignite.     While 

'.  riay-beds  are  usually  sandy  or  even  bituminous,  they  hecnme  hnially 

are  enough,  as  at  Denton,  to  be  utilized  for  elay-producis.  although 

L'eri  here  the  beds  are  rarely  of  great  extent  and  nsuiilly  interbedded 

ifilh  sands.    The  clays,  wlxich  are  worked  at  both  Denton  and  Lloyd, 

bloeely  resemble    the    stoneware-clays  of    the   Tertiary   beds   to  the 

BUtlieasi.      They  are    mostly  of    very    plastic,  semi-refractorj',    buff- 

irning  character  and  are  utilized   for  both  couuuou  aioneware  and 

pressed  brick. 

Eagle  Ford  formation. — This  includes  a  series  of  bituminous  clay- 
^les,  which  in  places  contain  thin  limestone  beds.  It  is  one  of  the 
extensive  and  thickest  clay-bearing  formations  in  the  entire  State 
Texas,  and  occupies  a  rather  long  narrow  belt,  as  shown  in  Fig.  63. 
aile  the  Eagle  Ford  clay  is  of  great  thickness  and  well  locatecl  for 
Forking,  it  contains  about  all  the  undesirable  elements  that  a  clay  might 
ve,  namely,  concretions,  limestone  pebbles,  gypsimi  lumps,  and  even 
Moreover,  its  biUiminoua  character,  as  well  ^  extreme  tougli- 
B,  causes  great  trouble  in  its  manipulation,  and  practically  forces  the 
ilay-worker  to  mold  it  by  one  meth(«l,  the  ilry-prcss  prcx-css,  other  meana 
irielding  a  brick  of  too  dense  character  to  permit  the  carbon  in  the  clay 
to  burn  off.  The  clay  Is  red-burning,  and  extensively  used  for  bricks 
[around  I'aris,  Sherman,  Dallas,  and  Waco, 

Taylor-Navarro  marls,  overlying  the  Eagle  Ford  stratigraphically  but 

Iseparated  from  it  by  the  Austin  Chalk,  form  an  extensive  belt  of  clay, 

[which  parallels  t}iat  of  the  Eagle  Ford  formation.    The  beds  are  marly 

B.  and  in  their  generril  physical  and  chemical  properties  Ijear  a  close 

nblance  to  the  Eagle  Ford  beds.    The  Taylor  marls  are  not  clearly 

distinguishable  from  the  Navarro  marls,  which  outcrop  to  the  southeast 

of  them  anil  resemble  them  closely,  and  for  this  reason  the  two  are 

inchide<l  under  a  single  head. 


The  Taylor-Navarro  maris  are  all  plastic,  sometimefl  glaucnnitid 
red-buming  clays,  and  are  worked  for  dry-press  brick  al  Cooper,  Giwn- 
ville,  Corsicana,  Taylor,  and  Ferrw. 

At  Eagle  Pa&s,  which  lif'.'^  outside  the  east  and  central  Tfxa^  ara 
studied,  the  Eagle  Pas?  formation,  which  occurs  at  the  top  of  the  I'pptf 
Cretaceous,  contains  shales  associated  witli  the  coals,  and  while  siine; 
of  these  at  least  are  probably  adapted  to  the  manxifacture  of  clay-pr 
no  tests  of  them  are  available. 


Tertiary  Clays 

The  clays  found  in  the  Tertiary  formations  include  the  most  iii 
ant  ones  in  eastern  Texas,  but,  owing  to  the  lenticuiur  character  o(  th 
beds  and  the  enveloping  deposits  of  sand  with  which  they  ore  frequeiil 
associated,  prospecting  for  them  is  often  rendered  more  or  lees  dii 
From  the  wide  distribution  of  the  deposits  (Fig.  63)  it  wo\ild 
that  in  certain  belts  of  the  Territorv-  al  least,  as  mentioned  below.  e\if 
are  to  be  sought  for  with  excellent  chances  of  success. 

In  Webb  County,  west  of  Laredo  in  pouthern  Texas,  shales  are  foun 
associated  with  the  Eocene  coals,  and  some  of  those  obtained  from  tht] 
mines  at  Cnnnel  are  weathered  and  then  shipped  to  Laredo  for  making 
dry-pressed  brick. 

The  other  Tertiary  beds  of  eastern  Texas  consist  lai^ely  of  unro 
solidated  mnlerials  which  range  from  coarse  gravels  to  verv  fintt  d 
but   contuiiiing   occasional  l>cds  of  sandstone,   limestone,  and    iipiitii 
Several  memlwrs  are  recognized,  namely,  Will's  Point,  Lignitic, 
Ye^ia,  Fayette,  and  Frio.     Of  these  only  the  Lignitic  and  Marine  ai? 
of  importance. 

Lignitic. — These  beds  outcrop  in  a  long  but  irrtjgular  belt  (Fig.  63  , 
and  contain  the  following  types: 

1.  Beds   of   pla-stic,   huff-burning,    semi-refractory    clay 
with  the  lignite  deposits;  they  are  well  adapted  to  the  manufaetoR  d 
pressed  brick. 

2.  Red-buming,  plastic,  gritty  clays,  overlying  the  lignitea.  m^ 
worked  at  Rockdale  for  dry-pressed  brick. 

3.  Reti-burning,  tough,  shaiy  clay,  occurring  at  New  Booco? 
Sulphur  Springs. 

4.  A  widely  distributed  series  of  grayish,  highly  plastic  clays  d 
refractorj'  or  semi-refractory  character,  and  used  for  stoneware,  firr^ 
brick,  etc.    The  following  analyses  p.  (431)  represent  groups  I,  11.  HI 
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Akalyses  of  Tertwht  Clat  Types 

I.  II.  in. 

Silica  (SiO,) 09.33  72  9Q  70. 6f 

Alumina  (AI>Oa> 19.38  14.70  IB.U 

Ferric  oxide  (Fe,Oi) 1 .06  4 .  .S  0. 8i 

Lime  (CoO) 0.8«  0.0  0.339 

Magnesia  OlgO) 0.86  0.3  0.ri28 

Totisb  (KjO) trace  15  0.41 

Soda  (NaA») 0.08  0.7  0.55 

TiUnic  acid  (TiOj) 1.40  100  1.14 

Water(H,0) 549  4  L'O  6.18 

Stoneware  is  made  from  these  clays  at  Eltnendorff,  Athens,  ctc,j 
i-bricks  at  Athens  and  Sulphur  Springs;  sewer-pipe  at  Suspamco,  and 

t»ressed  brick  at  Elgin,  Athens,  Malakoff,  etc. 

Marine  beds. — The.se  are  usually  of  sandj'  or  glauconitic  character, 

EHJt  here  and  there  carry  clay-deiJosits  of  some  economic  \aiue,  and 
lapted  (o  making  buff  brick  and  stoneware.     They  are  worked  at 

Jacogdoches,  Henderson,  and  Husk. 


Pleistocene 

This  formation  includes  clays  of  several  types.    They  form  a  rather 

lad  bell  along  the  Gulf  Coast  (Fig.  63),  where  they  are  mostly  of 

Jidy  character,  the  Beaumont  clays  worked  fi)r  brick  anmnd  Beau- 

nont  and  Houston  bcin^  the  mtet  notable  exception.    These  are  tough, 

olaslic,  brown,  blue,  and  yellow  clays,  carrying  irrcgul»rly  distributed 

Bodules  (if  limestone  and  underlying  a  broken  belt  exieniling  from  C'al- 

(oun  County  to  Jeffei-son  County.    They  are  all  red-burning,  and  used 

lieHy  for  common  brick  and  lo  a  lesser  extent  for  dry-j>res3  brick. 

A  second  important  ty^ie  includes  the  river  siltw  found  underlying 

^be  terraces  along  many  of  the  large  rivers,  such  as  the  Rio  Grande, 

Colorado.  Xeches.  etc.     These  clays  are  always  silly  or  siindy  and  highly 

icarcous,  the  lime  carbonate  being  present  as  concretions,  Uinips,  shells, 

in  a  finely  divided  condition,  and  forming  at  times  over  5<)  per  cent  of 

jlhe  material  without  apparently  diminishing  its  plasticity.    They  arc 

cially   well  seen   and   extensively   worked  at  Aastin  and   Ijiredo. 

Though  chiefly  used  for  common  brick,  these  clays  have  also  been  worked 

Br  prefised  brick,  and  in  a  few  localities,  as  near  San  .Antonio^  they 

!  of  the  proper  character  for  employment  aa  a  slip  for  stoneware.     For 

ractical  purposes  the  clays  found  within  the  area  just  discussed  can 

dividc<l    into  the    following   gnmps:    1.  Fire-clays;    II.  Stoneware- 

Jay.i;  111.  Brick-clays;  (a)  Buff-burning,  non-calcareous;    (b)  Bed  and 

^rowD-burning;    (c)  Calcareous;     (rf)  Sandyj     IV.  Paving-brick  clays; 
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V.  Slip-clays.    Their  distribution  is  shown  on  the  map  Fig.  63  and  a 
few  representative  analyses  are  given  below. 

Analyses  op  Texas  Clatb 


Silica  (SiOs) 

Alumina  (AljOj) 

Ferric  oxide  (FciOi). . . . 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (K^) 

Soda  (Na^) 

Titanic  acid  (TiOj). . .  . 

Water  (H^O) 

Sulphur  trioxide  (SO,).. 

Organic  matter 

Carbon  dioxide  (COi).   . 


Total. 


I. 


63.07 

19.43 

4.75 

1.32 

0.50 


1.47 
6.90 
0.15 


99.09 


U. 


63.43 
23.42 
1.15 
0.45 
1.23 
0.07 
0.26 
1.13 
7.00 


0.40 


100.54 


lU. 


45.44 
40.30 

0.54 
trace 
trace 
trace 

0.38 
trace 
13.29 


IV. 


55.10 
23.80 
3.51 
3.28 
1.24 
0,50 
0.21 
1.05 
6.00 
3.37 


1.75 


99.05   90.81 


V. 


49 

17, 

3 

12. 
1 
0 
0 
0 
4 
2 


7.10 


99.43 


VI. 


73.00 

15.79 
0.63 
1.29 
1.53 
0.10 
0.16 
0.43 
5.76 


98.69 


VII. 


72.9 
14.7 
4.5 
0-6 
0.3 
1.5 
0.7 
1.0 
4.2 


99.5 


vm. 


64. 84 
22  44 

OW 
trace 
0.74 
0.12 
0.71 
1.40 
6.42 
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Silica  (SiO,) 

Alumina  (Al/)s) 

Ferric  oxide  (Ke»0»).  ■ . 

Lime  (CaO) , 

Magnesia  (MgO) , 

Potash  (K,0) 

Soda  (Na^) 

Titanic  acid  (TiO,). ... 

Water  (H.O) 

Sulphur  trioxide  (80j). 

Organic  matter 

Carbon  dioxide  (CO;).  . 


Total. 


IX 


74, 
15 
0 
0 
0 
0 
1 
1 
6, 


99.31 


X. 


66.01 
18.82 
6.33 
0.55 
1.88 
0.16 
0.08 
0.95 
4.80 


99.58 


XI. 


57, 

11 
3 
9 
1, 
0 
2 
1 
4 


8.00 


98.53 


XII. 


77.7, 

11.04 

3.U 

0.84 

0.38 


1.23 
3.24 
0.51 


98.40 


XIII. 


49.40 

17.90 

4.50 

9.50 

1.88 


trace 
1.05 

4.58 


9.55 


97.36 


XIV. 


90.00 
4.60 
1.44 
0.10 
0.10 
trace 
trace 
0.70 
3.0A 


99. 9S 


XV. 

53.6 
9.0 

2.6 
17.8 

1.2 

1.8 

tran 

.S 

1. 


11,6 
99  40 


Physical  Tests  op  Texas  Clays 


Per  cent  water  re<iuired 

PhiKticity. . 

Average  tensile  strength,  lbs.  per  sq.in. 

Air-shrink;igp.  per  cent 

C  UP  0'  f  Fire-shrinknge,  per  cent.  .  . 


Cone 
Cone 
Cone 


Al).sorption.  per  cent. 

.  J  Fin'-shriiikage,  per  cent.  . 

I  Alisorption,  per  cent,  ... 

f.  \  Fire-whriiikago,  per  cent.  . 

*'  \  Absorption,  |>er  cent 

(,  f  FIre-shriiikage,  per  cent.  .  . 

■  [  Absorption,  per  cent 

Cone  of  fusion 

Color  after  burning 


I. 


25.3 

good 
333 
7.7 
5.6 
3  58 
6.3 
0.10 


5 
red 


II. 


23.1 
good 
202 

9.6 

5 

2  02 


vit'd 


14 

buff 


III, 

44 

low 
159 
6.2 


32, 7r 
10 

20.4'; 
13.7 
10.7 
14.7 
8.6 
35 
white 


VI. 


33 

high 

487 

12.4 

4* 


4* 


VIII.       IX. 


33 

high 

304 

9.3 

1 
12  9 

2  7 

7.s: 

3  5 
3.15 


5 
red 


12 
red 


30S 
hish 
2.17 

10-: 

1  r, 
11  41 

Z'i 
t>  57 
h  7 

2  S" 
9  4 
().n2 

2S 
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PmrsicAL  TmT4  uk  Tbxam  Cuavm — Coniinur4 


\*er  cent  wulcr  retpiircd 

Iln^ticily.  .  ; 

Averu|[(>  tetitdU  ritrcnf^h,  Ihs.  pM  »\.  in 

.Vir'-^hrinkum!,  ptr  nciit.  . .    

n.»^  CK  J  nre-shrinkuKc.  i«*r  cent. .  . 

\Mf¥e  \K3  y  ^|^,„,ii<,„     p„  ,^,n 

*-  ,  I  rire-rihriiikimc,  ptT  ctnit.  .  . 

'-^""     '  1  Altsorption.  per  cent.  , 

|.  ,  (  Firc-sliriiikiiRo.  i>er  nent.  . . 

Kono    .»     Absorptiiiit.  per  cent.  ,    , 
fVu  o    !i  '  '■'"•-**tiriiikage,  per  cent.  . . 

^'^'  i  AtNK>rption,  per  reiil 

Coiic  <if  fiiNiun. .      

(ViUir  ufliT  burning.  


x. 

XI. 

XII. 

XlII. 

MV. 

2.^.4 

23.1 

37  -1 

'J3,l 

23 

Riiod 

liijlh 

KImhI 

high 

1(1  w 

LW 

1£4 

mA 

3  Mi 

i  t 

H  T) 

11  fi 

!)   1 

9.3 

i 

0 

.5  ;i3» 

11.3 

0  ■! 

-0.3 

16. 6H 

14>.4li 

lO.fii 

«  fl3 

9   14 

1.5 

1 1  :i;i* 

0  3 

(1   !^ 

0 

U   13 

5  77 

0.3f 

■1    43 

I»  4n 

:f 

0  4 



0  7 

M  a*) 

7.2ti 

9  ..iri 

■1  » 

6  K,'{ 

1.3 

8.:te 

m 

s 

U 

■  I 

12 

!>iil^ 

rc(l 

tihI 

r.-.l 

ml 

w. 


*  I>ry  pfVdned. 


IvR'AMTiea  OF  Preceding  Anai-thum 


Nm. 


]. 
11. 

III. 
IV. 

V. 

VI. 
VII. 

vin. 
i\ 
\. 

XI. 

xn. 
fcxui. 

LXJV. 

XV 


LomtKHi. 


IhiirlKT,  I'>;tlh  <'oumy 
""nn   rlay    over 

iiiky,  lulwara 
IliillH.'i,  l}»IUi.>>  County. 


"rnn  rlay    over    lower   conl,  Minera 

WeWi  County 

Liiiky ,  luUarXf  (kiunty 


Ferri.s,  E!ILs  tbimly. ............ 

S.  K.  of  Ijena,  Kayetfe  Counly 

Vugel  inine.  Itockdule,  Miliin  County 
Siis|iam«>,  Iio\ar  Coiitily 
Allipnx,  Henderson  tVmnty.  ...    _ 
New  BoHtou.  Bowie  Ctmntv.  ,  ,       . 
Alazuii  Cre<*k,  Siiti  .Aiilonio.  Bexar 

County. .  

Reiiunianl.  Jcflerwoti  County 

Hou.'^ton,  Hnrrif*  (VtiinlV 

roltnp>4neil,  Ty'**'"  Coiin'ly.  ... 
.\i|Htiii.  Tmvi-*  C<iuiity 


Ap.. 


Coal-mcaMires.  .    . 
CretaceouN 

Kuglc- Ford-Creto 

c"ei>u* 

'I'liylur  iiiar))*.  .  . 

Tertiary 

I.ignitie-Tcrtiiii^' 


Tertiary 

Plpwloccno.  . .  , 


tcr- 
r:iei'-elnv.  . 


Vm. 


Puviiig-brick 
L'tiwiirkml 

BHrk 

Unwiirkcd 
BHek 

Spwer-piije 
rire-lirirk 
Pm.s.'in]  lirick 

Slip-clay 
Pmmed  tmck 

Com  mot]  brirk 

ruiuiuoii  brick 


Nm.  VII  sntt  XV.  ».  U.  Wcmll.  mi«I)-"4  ;  tli«  n^%  mtmlywr^  by  O.  H.  Pklm. 

References  on  Texas  Clays 

I.  .Ailaras,  G.  I..  Oil-  «nd  fias-fields  of  Ihe  Western  Interior  and 
Northern  Texas  Cofil-nieapures,  t*.  S.  Ceol,  Siirv.,  Hull.  184,  pp.  37  to 
|47,  19*11. 

'J.  Orake,  N.  F..  and  Thompson,  R.  A.,  Tho  Colorado  Coa!-ficI«!  of 
r«xa»-, -Ith  Ann.  Hept..  Tex.  Geol.  Surv..  p.  357.  lS9:i. 

3.  Hayes,  C.  W.,  and  Kennwly.  W.,  OiJ-ficMs  of  the  Texas  I^uiaiana 
julf  Cnjistal  Plain,  U.  S.  Geol.  Sun*..  Byll.  212,  pp.  15  to  32,  1903. 
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4.  Hill.  R.  T..  (^ieolojn-  and  Geography  ot  Rhifk  ami  Grand  Prairie., 
i:.  <.  GaA.  Surv..  2l:-r  Ann.  Repr..  Pt.  VH.  p.  JM^.  THll. 

5.  Kennedy,  \Vm..  Tex:is  Cliiy:*  and  Their  (.>ria*n.  S-ienoe.  XXII  r. 

6.  Pf-nrnse.  R.  A.  F..  FVeliminary  Report  on  the  Geoloey  of  t  .o 
Gult-TfTTinry  nf  Texa.-*.  Tex.  (WjI.  Siirv..  l.-t  Ann.  Rppt..  p.  5.  1S90. 

7.  Ries.  H..  The  fla\H  of  fLii.*Tern  Te.xas.  Trans.  Amer.  Inst.  M:l. 
Knjr..  P.imoiiThly  liull..  l!M»6. 

S.  T:»IT.  .1.  A.,  luiil  Ij^vererr.  ?*..  The  fretaoeoun  Area  North  of  the 
C'olorad'i  River.  Tex.  Get.i.  Sur\'..  4rh  Ann.  Repr..  p.  241.  LSf^ 

0.  V:iiiirh:ui.  T.  W..  ReconnaLs.^anoe  in  the  Rio  Grande  Co«l-fielil» 
of  Texa.-.  \  .  S.  *iff»I.  Siirv..  iJiiU.  !64.  Un'ni 

10.  Sw  ;il;^(i  si-:irtered  reierent-es  in  the  tirsr  to  fourth  annual  report* 
of  Texits  Gf'f)lt)izical  Survey.  espefiall>  un<ier  county  des<rnptif>n8. 

Utah 

The  writer  ha*  not  ?een  any  publishetl  information  of  value  regani- 
iiiK  the  flay  resfiurerrs  of  thirs  rotate.  Tonimon  brii-k-<-l:iys  are  to  befoun'l 
•it  iiijiny  pdinr.-.  ;ind  at  the  St.  L^^iui.-  Exjxtriitioii  there  were  exhibrteii 
-;implt'*<  of  hre-lirir-k*  und  rnicihles  made  b\  the  Utah  Fire^-olay  fon:- 
;»!iny  of  SjiU  Jjike  City,  while  kaolin  samples  were  shown  frf>m  Milbr^ 
riiiinry  and  lj-h'\. 

Virginia 
Residual  Clays 

The  fTv-tJilIitie  rock.-,  ffinsi.^tirii;  of  2r;inite.  snei^ses,  and  sehi^ts  vitl; 

.-fiiiie  intni-iv(-  <\r<-rifi  :i'T'»><  ili  •  StMre  fnun  niftth  tos'iuth  in  a  bell  *>i 
inrre;i-iii2  width.  wh<i>»-  uf-^rerii  l»ound:iry  follow.^  :ii>]>i-n\iiiiute1v  a  lijje 
niniiinir  iV'-ni  }l:ir]»iT'>  IV-rry  .■^outllue^twa^d.  p;i.-.-;in::  a  few  miles  eaM 
ft  Ip.iii  i^l;.;tl  'i'lic  oM.-rerri  cdiie  coinfiiies  approximatelv  with  the 
1  rili-liiic."  i((--i<i'i;il  ilii\-  :ire  nor  unroir;nion  throimhout  this  ar^a. 
\,^u  ihfA  ■.■■•.I-  i.-M.-i;;  ill. pure,  aiiri  ndapterl  tp  iirtle  cUe  but  comnn'ii 
:.nr-k. 

K;ioi;ii  i-  I'.iij.i  in  Ilci.ry  .'iml  Patrick  cnuntie.^  anil  snniQ  promising 
-icporii-  l.jiv*'  !.f-'-j.  -i-v*l..|,(.,i  iti  the  f(»rnKT  i.Pl.  XXXIX.  I'ijrs.  i  and  Jj. 
The  <':un),:'-<:.Kri:,u  -ii.-ili-.-  :,iiii  liniestones  > ield  an  abundance  f-f 
impure  re~i(lii;il  rl:i;. .  aIiJ.},  i.-  \\c\\  :u\h],uh\  to  brick  nianufaerure.  Tliesf 
clays,  uiiicli  :irc  likdy  to  br-  ii-cd  throughout  iho  Great  Vallev  ie<'i'iti 
■■in-  nil  rctl-bnniiiii.'  -n  i-.w  a-  kh'-wii. 


PLATK  XXXIX 


- 

^^^■H^^^JL^a 

^■■K|bw^ri 

.  -Sb  "'^ 

^-' 

FlO.  1. — \'iew  (if  kiiolifi-pit  near  Ouk  Lov<'I,  \'a. 
i-lpiirly  n)rilr.i^tcil  lu  Ilie  wbite  kiwilin. 


'Hie  fprriigiiiouii  cluy  \^a\l»  »re 
(Wioii.  hy  H.  Kic-^.t 


'i     .  ♦^^ 


_Fio.  2.^0enerBt  view  of  kflolin  washing  plant  near  Oak  Level.  Vu.     The  crude  cluy 
U  wa.she(l  down  the  trough  from  the  iiiiiie.     (Photo  by  II.  Rice.) 
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Carboniferous 
Though  cnnlaining  impcrtatit  beds  of  c*<inl,  the  clayey  members  of 
lis  forniutioii  in  aoiitliweatem  Virginia  have  received  but  little  noliee, 
it  it  .seems  highly  probable  that  they  nml uin  shjUenleposiLs  fif  Murtirrent 
palue  for  makiiig  vitrified  wares,  and  even  now  they  arc  successfully 
rorkwi  at  one  locality,  namely,  Minhall. 

Triassic 
The  Triassic  shales  ajyociatecl  with  the  r4)als  of  the  Richmond  Vuisin 
ive  not  proven  of  any  value  for  the  numufacture  of  clay-priKlucts. 

Tertiary 
The  Tertiary  and  Pleistocene  formations  of  the  coastal-plain  area 
ive  receiveil  tlie  most  attention  by  clay-workers  in  the  Stat^. 

The  Teriiar>*  befis  ctmHist  of  a  series  of  days,  stmds,  marls,  sand- 
tones,  and  ^rreensands,  which  dip  gently  to  the  southeast,  and  are  over- 
ilain  by  later  fonnntionjit. 

The  clay-^iel^>^^its,  which  are  of  Miocene  age  and  usually  of  lenticular 
tharacter,  arc  most  abiindacit  lowanis  the  northwestern  hiirder  of  the 
etm.stfd  plain,  and  liave  been  noted  near  Klcinnond,  Berrnudii  llundntl. 
!^urle's  Neck,  etc.  They  are  reil-buruing  and  often  yield  a  vidiht'd 
iy,  but.  although  to  be  ranked  as  among  the  best  clays  in  the  Slate. 
fthey  are  little  useil. 

Some  promi-sing   Kocene  clays  are  kiM>wn  between  Fredericksburg 
Liid  Stafford  Court  Houw. 

TIip  iliatoriiaceourt  earths  form  an  exteiidwl  series  <tf  deposit*  along 
tbe  Rappahannock  Hivcr  and  around  Hichniond,  but  they  are  \vorke<l 
bat  but  one  locality,  namely.  Wilmont  (PI.  XL.  Fig.  1),  to  tnake  Iwiler- 
lectting  brick  and  fireproofing. 

Pleistocene 

Pleistocene  clays  occur  at  a  number  of  point,^,  but  the  deposits  are,  with 

few  exceptions,  of  shallow  character  and  the  material  red-burning.     The 

Blays  are  extensively  dug  aroumi   Kirhmonil  for  common-brick  matui- 

facturc,  as  well  as  at  Xorfoik.  Suffolk.  Petersburg,  and  several  points 

lalong  the  James  River  (PI.  XL,  Fig.  2).     A  semi-refractory  Pleistocene 

|<*lay  is  found  near  Wilmont  rm  the  Rappahannock. 

Around  .Alexandria  tlie  ('ulumbiHU  lotims  are  worked  on  a  lar^  scale 
Ifor  the  manufacture  of  conmion  and  pres.'ied  brick,  which  supply  the 
(Washington  market. 

TIte  followin<!  table  contains  the  analyses  and  physical  testj>  of  some 
lof  the  coastal-plaii)  cliiya: 


I 


S?i  •'  =  =■'  =  =  - 


3 

i 


£        —  ■^  —  M  —  (O^XI~—    g»'>   »- 


?  &'"  3  c:  I-  -^  s  X  —  K  ri  C 


m  i.^  ?5  c  =  71  C  —  ?» 


„ :0-g 


)?)!£■-•"  ?t  G  O  T 


;:;i 


g     S  §iX5  =  sj«:«2  =  -»^' 


ic  -£  cj  I-  o  «  —  2  ?i  t-  _2  £  *^ 


'A 


OS 


'1 


I 


•w^. 


2.— PleuiUtceiu'  Urivk  uud  tiie-vlay   niidpiiying  tprrar?,  Oldfield    un    Junir* 
River,  Va.     (After  H.  Ries,  Va.  tJeol.  Surv..'BuU.  II,  p.  166.  1906.) 
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References  on  Virginia  Clays 

1.  Fontaine,  W.  M.,  The  Potomac  Formation  in  Virginia,  U.  S.  GeoL 
/.,  Bull.  145,  1896. 

2.  Uics,  H.,  A  Preliminary  Report  on  a  Part  of  the  Clays  of  Virginia. 
Ib..  Geol.  Surv.,  Bull.  11,  1906. 

3.  Ries,  H.,  The  Clays  of  tlie  United  States,  East  of  the  Mississippi 
tiver,  U.  S.  Geol.  Surv.,  Prof.  Pap.  11. 

Washington 

No  systematic  account  of  the  Washington  clays  has  been  printed, 
I  and  the  few  published  references  are  scant  and  unsatisfactor)-. 

The  deposits  are  divisible  into  (1)  Clay -shales,  (2)  Residual  clays, 
[and  (3)  Glacial  clays. 

Clay-shales. — These  appear  to  be  chiefiy  of  Terliarj'  age.  Flint-olay 
[and  sow<er-piiXf  flay,  interl>edded  with  sandstonf  and  coal,  occur  at 
Cummer  and  Taylor  on  the  Columbia  and  Puget  Sound  Railroad,  and 
lare  mined  for  making  fire-brick,  sewer-pipe,  etc.  Tertiar>'  fire-clays  are 
(also  found  two  miles  east  of  Little  Falls  station,  while  clays  suitable 
for  brick,  tcrra-cotta,  and  stoneware  are  dug  at  Clayton,  30  miles  north 
fof  Spokane.  Others  arc  known  at  Sopenah  and  stoneware-clays  arc 
^obtained  near  the  town  of  I^alouse. 

Residual  clays. — Deposits  of  this  type  occur  only  in  the  non-glaciated 
art  of  the  State.  In  western  Washington,  between  Pugct  Sound  and 
the  ('fllumbia  River,  tliesc  clays  are  very  thick  in  places,  and  derived 
Dm  the  weathering  of  shale.  A  residual  basalt  clay  is  used  for  red 
brick  in  eiLf^torii  Washington. 

Glacial  clays.— The  glacial  clays  are  widely  distributed  over  the  glaci- 
fcled  area  of  Washington.    Brick  plants  are  located  close  to  the  larger 
{centers  of  population  and  on  the  shores  of  the  Sound.    The  clays  are 
Btly  red-burning. 


References  on  Washington  Clays 

1.  I^ndes,  H.,  Clay-deposits  of  Washington,  U.  S.  Geol.  Surv.,  Bull. 
),  p.  55(1,  19t>5. 

2.  Landes,  H.,  Wash.  Gool.  Sun.,  Ann.  Repfc.,  Vol.  I,  p.  172,  1902. 
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West  Virginia  ^ 

With  the  exception  of  a  ft'w  Pleistocene  deposits,  the  day-l 
formations  of  West  Vii^ginia  are  all  of  Palaozoic  age. 

Silurian 

The  residual  days  derived  from  the  Shenandoah  linu!Stoii«  ire 
found  over  large  areas  in  lierkeley,  Jefferson,  and  parls  of  Hardy.  Hunp* 
shire,  and  Pendleton  counties;  they  have  been  worked  at  Charicstown 
and  Shcphcrdstown  for  red  brick. 

The  shales  of  thiH  ape,  known  as  the  Afartinsburg  shale  from  (hnf 
type  occurrence  at  the  town  of  that  name,  arc  hard  and  slaty  fiinD 
fresh,  but  weather  down  to  a  clayey  moPs  wluch  can  be  used  for  red-linck 
manufacture. 

Ue<l  fihales  of  Medina  age  and  brown  an<i  gray  Clinton  shales  outcrC'p 
in  belts  along  the  mountain-slopes  of  Mineral,  Grant,  Hardy,  and  IVodli 
ton  counties,  but  are  not  favorably  located  for  working. 

Devonian 

The  Devonian  formations,  according  to  Grimsley^  consist  of  sand- 
stones and  shales,  being  found  in  Mineral,  Grant,  Hardy,  Pendlctoi 
I'reston.  Tucker,  Randolph,  Pocahontas,  Greenbrier,  and  Monroe  o^iin- 
ties.  They  arc  grouped  imdcr  the  naniilton,  Chemung,  and  Catikjil 
formations.  Many  of  them  are  adapted  to  brick  manufacture^  but  Ibcy 
are  worked  only  at  Elkins,  Randolph  County. 

Lower  Carboniferous 

The  Maucb  Chunk  shales,  cf^n.sisting  of  red  and  grayisli-bUie  Hhal! 
green  sandstones,  and  a  few  thin    limestones,  form  a  belt  extendius 
across   the   State  from  Preston   County,  through  Tucker,   Randolf; 
Pocahontas,  Greenbrier,  Monroe,  and  .Summers  counties. 

The  red  slmles  and  their  residual  days  form  an  excellent  mate 
for  making  red-pressed  brick,  the  deposits  njoreover  being  well  locate 
but  up  to  the  present  time  they  have  not  been  utilized. 

Carboniferous 

Pottsville  series.— This  contains  clays,  shales,  sandsronc>s,conglG 
ates,and  coal-betb,  but  the  only  clay  thus  far  worked  is  t.*"**  — 
beneath  the  Homewood  sandstone  and  known  as  the  M 

'  Grimslc.v,  G.  P.,  W.  Va.  GcoL  Surv.,  HI,  11)06. 
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-day.    This  Ls  mined  at  Piedmont  for  fire-brick  manufacture,  and 
insists  of  both  plastic  and  flint  fire-clay,  the  two  forming  a  bed  about 
15  feet  thick. 

Allegheny  series. — In  this  series  there  are  found  a  number  of  im- 
srtunt  coul-soams  with  their  underlying  fire-clays,  the  two  important 
Lips  being  the  Kittanning  coals  and  clays,  and  the  Frecpfjrt  group 
&f  coals  and  clays. 

The  two  most  valuable  beds  of  fire-clay  are  the  Lower  Kittanning 
od  the  Bolivar. 
The  shales  in  the  series  have  also  been  successfully  used  for  building- 
[>rick. 

Clarion  clay. — The  Clarion  coal  at  the  base  of  the  Allegheny  series 
I  ofton  underlain  by  a  thick  befl  of  fire-clay,  but  it  is  not  worked  in  West 
{[Virginia. 

Kittanning  clays. — The  Lower  Kittanning  coal  is  very  persistent 
through  i_>hiu  and  reiinsylvania,  but  in  West  \'irginitt  it  is  absent  en- 
tirely as  a  workable  bed  in  many  regions  of  the  State,  and  its  place  taken 
by  the  fire-clay. 

The  Lower  Kittanning  clay  under  the  coal  of  that  name  is  5  to 
15  feet  at  Hammond  where  it  is  worked. 

Between  the  Upper  and  Lower  Kittanning  coals  is  an  interval  of 
indstnnc,  which  at  New  Cumberland  and  Hammond  carries  the  Middle 
Cittanning  coal  and  its  underlying  fire-clay. 

At  New  Cumberland,  which  is  the  lai^cst  brick-manufacturing  center 

the  State,  the  Lower  and  Middle  Kittanning  clajs  are  employed  for 

manufacture  of   building-brick  and  paving-blocks,  and  the  Xiower 

uttAnning  clays  for  sewer-pipe.    The  shales  between  these  two  were 

jrraerly  burned  into  common  brick. 

The  following  section  at   the  Globe  Works,  given  by  Grimsley,  is 
ited  by  him  to  be  fairly  typical  of  this  region: 

Fmi.  loebti. 

Sandfltone -lO 

Coal 2  6 

Flinl-cUy 6 

Gray  shale-clay .....  4 

Blue  shaie-clny 12 

Sandstone  floor 4 

Fine  IftniinatRd  shalcd 40 

Coal  {Lower  Kittanning) 3 

d&y  (Lower  Kittanning) 10 

The  liottom  clay  b  iisetl  for  sewer-pipe,  while  the  flint-clay  and  blue 
nd  gray  shales  are  mixed  together  for  brick  and  paving-blocks. 


Upper  Freeport  clay. — There  are  some  good  outcrops  of  tM-     - 
on  Decker's  Creek  above  Morgantown  near  Pellslow,  witli  gr>«. 
road  connection,  and  could  be  easily  developed. 

CoBemaugh  series. — This  series  consists  chiefly  of  «n''^  *'■ 
limestones,  Vmt   contains  scattered  shale-deposits   and 
Overlying  the  Upper  Freeport  coal,  or  at  tirops  separated  from  n 
dark  fossiliferous  I'flington  shales,  are  the  Lower  and  Upper  iln 
sandstones.     They  are  seen  from  Upshur  southwest  into  Mingo,  v 
Wyoming,  and  Ualeigh  counties.     Between  the  two  there  is  often  foiii::: 
the  Mahoning  coal,  wliich  is  worked  near  New  Cuniltcrland,  v '^  '      -  '  - 
the  coal,  and  sometimes  replacing  it,  there  is  a  good  bed 
found  in  a  few  regions  and  mined  at  Thornton,  where  it  showF  ! 
of  flint  and  soft  clay.     Near  Cerecio,  Wayne  County,  the  cla^-  is  ytxyzu 
without  the  coal. 

At  many  points  a  shale-l>ed  occurs  between   the  two   san.! 
Those  worked  aro\md  Uliarlestown  may  l«long  in  part  to  thb*  h»{ii"i> 
although  some  of  the  beds  have  been  doubtfully  referred  to  the  luuuiwlu 
scries  of  Vii^inia. 

Overlying  the  Mahoning  sandatone  is  the  Cambridge  limestd 
followed  by  the  Ames  limestone,  and  l>ctween  these  two  is  a  ma&^j 
Pittsburg  red  shales,  30  to  KH)  feet  thick,  which  extend  from  the  Pen 
sylvania  line  southward  to  the  Big  Sandy  River.  Thtse  sliala*,  »1J 
will  uniloubledly  prove  of  economic  value,  are  as  yet  used  only  at  IIu 
ington  for  roofing-tile  manufacture.  They  also  occur  at  Barlow,  Charts- 
town,  etc. 

In  Preston  County  near  Reedsville,  Masonlown,  and  Kingwood, » 
well  as  near  Collier  and  Wellsbuxg  in  Brooke  County,  the  shales  a» 
partly  replaced  by  the  Saltzbuig  sandstone.  Overlying  the  Ames  lime 
Stone  is  the  Birmingham  shale. 

A  very  complete  section  of  the  Conemaugh  series  is  exposed  at 
Morgantown,  Monongalia  County,  but  the  only  shales  worked  are  iU 
Pittiiburg  ones.    They  make  a  building-  and  pa\ing-brick. 

Monongahela  series.^A  series  of  coals,  limestones,  sandstones,  and 
shalea  arc  included  in  this  group,  the  general  section  being  well  exposed 
in  Pinnickinnick  Hill  at  Clarksburg.  The  Pittsbuig  coal  at  the  bise 
of  the  Monongahela  is  an  important  and  well-recognized  horiaon.  At 
Clarksburg  the  shales  underlying  and  overlying  this  coat-t*cam  are 
worked  for  building-  and  paving-brick. 

The  .shales  worked  near  Spilman  for  paving-blocks  and  buildii^ 
^  brick  lie  near  the  top  of  the  Monongahela  series,  and  those  at  .Mouiub 
^^ville  are  also  near  this  horizon. 
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-carboniferous. 

Mjrdfring  the  Ohio  River.  They  include  a  number 
of  utilizable  slules,  but  at  present  they  are  bein^  worked  only  at  Parkere- 
burg,  Wood  County,  for  making  mofin|fc:-tile. 


I 


Pleistocene 
A  number  of  brick  plants  in  the  State  obtain  their  raw  matcriat 
from  deposit-s  near  creeks  or  riven*.  These  days  underlie  terraces 
and  occur  either  near  the  present  rivir-lcvel  or  a  number  of  feet  above 
it.  The  former  arc  flood-plain  deposits  built  up  by  the  rivere  in  recent 
times,  while  the  latter  rci>resent  the  remnant.sof  lake-lteds  fi>rmt'd  when 
the  valleys  were  dammed  by  ice,  thus  giving  rise  to  the  formation  of 
temporary  lakes.  The  clays  of  the  Monongahcia,  Teayg,  and  adjacent 
\allcys  are  of  the  second  type. 

Anai  TSKs  or  West  VmniNiA  <'i.AVff      ^* 


I 


Silica  [iiiO,) 

Alumina  (AljO>) 

Ferric  oxide  (Ke-/U,) 

FerrouB  oxide  (KeO).  . . 

Lime  (CuO) 

MagneKiu  (MgO) 

.So*r»  (.Va/))    

Potftsh  (K^)) 

Titanic  oxide  (T''*i)-  -  • 

Mciisl.iin< 

rhosphoric  add  (PsO«)- 
Hulphur  trioxidc  (^i). 
Ignition 


TotAl. 


I.« 


•21 .  W 

8 


0.30 
0.79 
trace 
(i  25 
O.Stt 
1,62 
0  09 
trace 
5.70 


II. 


99.55 


20.17 
7.0O 
o.3:i 
0.22 
1.22 
0.62 
2  59 
0  87 
2.75 
0  09 


S.&4 


99.5.T 


111. 


58.78 
22.57 

4.i:j 

l.-M) 

o.is 

1.00 
0.54 
3.15 

i.o;i 

1.05 
0  35 


S.43 


99.  til 


IV. 


50.3 
19.07 
9.5S 


0.69 
2.01 


0.71 


SOI 


96.37 


Silicii  (SiO,) 

Almninn  (AbO,! 

Kerrifi  oxide  (Ke  J  >«i. 

Ferrous  oxide  {Vet ' ) 

Ijme  (C»0) 

.Ma|i;rie>ja  (Mg*>) 

Soda  (.V:i.(>)    

l'ota«h  (K/)).  .    

Titiinio  M\ide  CHOs) 

MoiMlure 

Pho-iphorio  npiil  (Pj*>.) 

Sulphur  trioxioe  (.SOi) 

Ij^tilion 


Total. 


VIL 


57-.% 
21.41 
3.75 
3.45 
0.46 
1.44 
0  1 
3  14 
0.S4 
0.3S 
0   11 


7.25 


99  dt 


VIII. 

59.76 
22.79 
0.80 
3.5.1 
0.59 
1.23 
0.42 
3.79 
0.82 
0.54 
0.4C 


l.X, 


5.26 


99  79 


57 .  52 
21.70 
3.41 
3.7 
0.60 
0.88 
0.03 
3.57 
0.83 
0.86 
0.14 


7.27 


100  .57 


X. 


57,89 
21 ,59 
6.62 
1.26 
0.61 
1.55 
0.29 
3.28 
0.72 
1.27 
0  21 


6.1H 


10(»  47    100  II 


V. 


61.11 

26.  IS 

0.30 

0.36 

0,12 


0.02 


1.39 
0  77 
0.01 


9.07 


tK»  tW 


Vh 


52.24 
29.28 
2.73 
0.51 
068 
0.2 
0.37 
2.11 
1.2 
1.28 
0.07 


10.12 

100  79 


XI, 


66,69 
21 .8:1 
0.37 
1.00 
0.33 
0.10 
O.OS 
0.48 
1.11 
0.90 
trace 


XII. 


7,13 


.56.19 

26.31 

2.82 

o.g«'> 

0.39 
1.44 
0  50 
3.90 
0  m 
i.;w 

tmee 


5  48 
100  01 


*  Fur  refenmces  :«c  fixx  »(  uhlo.  )■.  4.V). 
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Analyses  or  Webt  Virginia.  Clays — Continued 


Silica  (SiOi) 

Alumina  (AL-Oa) 

Ferric  oxide  (FcjOa).. . 
Ferrous  oxide  (FeO).  . 

Lime  (CaO) 

Magnesia  (MgO) 

Soda  (NajO) 

Potash  (K2O) 

Titanic  oxide  CriOj). . , 

Moisture 

Phosphoric  acid  (PvOa) 
Sulphur  trioxide  (SO3). 
Ignition 

Total 


XIII, 


55.63 
20.76 
3.94 
4.17 
0.86 
1.70 
0.34 
2.97 
0.98 
1.03 
0.23 
trace 
6.98 


99.59 


XIV. 


58.28 
21.26 
1.87 
3.37 
0.78 
1.35 
0.39 
2.87 
0.86 
1.30 
0.39 


6.84 


99.56 


XV. 


50.80 
19.47 
8.&3 
1.9 
1.51 
1.74 
0.89 
2.24 
0.68 
0.6 
0.2 


11.37 


100.23 


XVI. 


6S.42 
16.38 
3.05 
1.89 
0.94 
l.S 
0.63 
0.93 
0.88 


xva 


0.08 


4.58 


99.58 


63.68 
17.18 
5.72 
050 

0  16 
13 
06 
2.29 
0S7 

1  76 
0.% 


o.eo 


100  ■>> 


Physical  Tests  op 

AY  EST 

ViHoiNiv  Clays 

I. 

II. 

III. 

V. 

VI. 

VII. 

24 

40 

4 

1 

5 

6 

\Ul 

28 

122 

4 

1 

5 

25 
34 
3.5 

2.1 

32 

3 

28 

58 

4 

26 

Tensile  strength,  lbs.  per  ^\.  in. 

46 
4 

I 

5 

1 

5  + 
10 
red 

30  + 

biiflf 

26 

28 
2 

huff 

,■) 

11 

red 

Water  rerniired,  per  cent 

Ten.-iile  strength,  11  is.  per  sq.  in. 

Air-shrink.'ige.  per  cent 

Coneiif  iTu-ipif'iit  vitriHration.  . 

(.'one  of  vitrification 

Cone  of  visccisily 

Fire-shrinkiiKO,  per  cent 

Color  when  l)urne(l 


JX. 

•JO 
40 

1 
5 


10 

retl 


X. 


—  ( 

30  I 

4 
1 

5 


8 
red 


XI. 


20 

75  to 

90 

4 


30 


XII. 

24 
89  to 
100 

4 

1 


0 
buff 


red 


XIII. 


109 
4.5 


red 


XIV.    .Wll. 


7S 

1 
5 


TW) 


140 
t'l 

1 


12 
nil 


li('r.iiiiiiil   liirif-li'iu-  oliiy,  Cliiirlr.-towti,  Silurian. 

l{i"-i'iuiil    -tKilt'-cl.'iy.    .Miirt  iii--l>'irK,   Silririiin, 

.Sliiilc,   t:lkiri>.   l;;iTiili.||ili  ('niitily,  HariiilKin. 

Slmlc,   I'l'ckir'^  ('reck  iicrir  Moresiiitonn,  Mauch  Chunk. 

rirc-clriv.    I'irilKmiK ,  .Mount  SavuKP  clay, 

l'"lirii-rl;(y    1 

(Irnv  -!i:iln    !■  ("liftiiii  Mine,  New  Cuniberlaml,  Miilillc  Kittaiiniiift. 

niiir.-liNio    1 

^/ly    [-TClnii  mine,  New  riinilicrlanil,  Lower  Kittanninfc. 

Pla"(ic  clav    I'l"'*'^'^' "" ■  '"  rf>nemnii(th  (series,  Mahoning  coal  horizon. 

j^hale,  Mnrftnnfown.  Pitfshuru  reil  shnle. 

Hiiic  shnle,  Huntin(rton,  f'oncninueh  series. 

Mixture  of  Spilmnn  chairs.  Rpilnian,  OnemauRh  ^ries. 

Parker«buni,  Dunkard  ."hnle. 

nivor-clay.  ParkersburR,  Plei»tor«ne. 

I-XVII   selected  by  Dr.  Grim.sley  as  representative  one?,  from  Vol.  HI,  W,  Va.  Geol. 
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n. 

Ill, 
IV. 

v. 

VI. 

vri, 
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IX 
X. 

XI. 
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XIII. 

XIV. 

XV. 

XVI. 

XVII. 

Nre». 
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to  the  older  formations  are  nearly  all  of  residual  character,  while  Ih 
belonging  to  the  sedimcntai^'  deposits  are  of  very  recent  geologic  a^. 
It  gcems  best,  therefore,  to  divide  them  into  two  groupe,  namdy,  the 
residua]  clays  and  the  sedimentary'  claj-s. 

Residual  Clays 

These  have  been  derived  from  a  variety  of  rocks,  including  gr&nitcs 
and  gneisses,  greenstones  and  allied  volcanic  rocks,  limestone  a&d 
doloniite,  sandstone  and  shale. 

Pre-Cambrian  residuals. — These  occur  at  a  number  of  points 
the  central  part  of  the  State,  in  Eau  Claire,  Jackson.  Wood,  Porta 
Marathon,  and  Clark  counties.  They  are  usually  gritty  claii>  whii 
have  been  formed  by  the  decomposition  of  schists  or  gneisses,  and  ^  iu. 
in  depth  from  perhaps  2  or  3  feet  to  as  much  as  40.  Although  siimp- 
times  reaching  nearly  to  the  Hurfacc,  they  are  at  other  times  coM-nii 
by  a  bed  of  Potadam  sandstone  which  has  apparently  protected  thtm.^ 
from  erosion.  Deposits  of  this  occur  in  the  vicinity  of  (irand  Rapid 
Eau  (Iftire,  Itlark  River  Fall?,  Stevens  Point,  Al>botsford,  etc.  11 
arc  nearly  ali  red-burning,  and  while  refracton"  ones  low  in  iron 
known  to  occur,  the  deposits  of  them  so  far  as  found  arc  rather  small. 
Their  main  use  is  for  the  manufacture  of  comnion  brick,  but  at  Hainon 
near  Hlack  River  Falls  the  material  has  been  found  adapted  to  tb 
manufacture  of  dr>'-prcss  brick  and  even  paving-brick. 

Potsdam  shales. — In  a  few  loealiticK  lliere  occurs  at  the  base  of  tl 
Potsdatn  a  tough  plastic  clay  which  has  been  derived  by  the  weatherin 
of  a  siliceous  shale.  This  material  has  been  exposed  near  Menillan, 
Durand,  and  other  points,  but  has  not  been  utilized  to  any  extent  for 
the  nianufacture  of  clay-products. 

Ordovician  limestone  residuals. — Within  the  driftle^B  area  of  TVis- 
consin  tlie  cherty  galena  limestone  is  found  weathered  in  ita  upper 
portion  to  sandy  residual  clay  containing  many  flint  fragments  scattorvd 
through  it.  Up  to  the  present  time  it  has  not  lieen  used  for  the  manti- 
facture  of  common  brick  to  which  it  is  chiefly  adapted,  nor  is  Ibeie 
any  likelihood  of  its  ever  becoming  of  any  importance. 

Sedimentary  Clays 

Hudson  River  shale. — This  sfiale  forms  a  narrow  belt  in  the  - 
part  of  Wisconsin  which  extends  from  the  s*iulhem  boundary  of 
State  up  to  Green  Bay.     In  this  State  it  is  not  very  well  adapted  to  th^ 
manufacture  of  brick,  but  on  weathering  breaks  down  rather  easily  to  i 
yellow  clay  which  has  ver>'  fair  plasticity  and  is  usually  red-bumii^r 


[Fio.  1.— Pi(  of  extiijirine  rUy,  t-'itri   Aikinwin.  Wis.      I  br  lint   !in*u  i-*  initierUm 
by  flay,  while  tln'  -i-irnvimlitm  low  hills  nrc  of  saml.     (Phivln  l-y  H.  Rie*!.) 


I 

I 


I  F:0.  2. — I'lcishH'ciw  Iirirk-rliiy.  Miluimkoe,  \\  if*.     The  mouiul  in  ini^tillc  of  pit  iB 
aami  ami  U'ivd  Ptunding.     (Photo  by  H.  Hies.) 
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Be  material  has  been  worked  at  Stoekbridge,  Calumet  County,  and  at 
ftkHeld,  Fond  du  Lac  County,  for  the  manufacture  of  brick.    At  the 

tier  locality  a  mixture  of  the  weathered  shale  and  the  partly  weathered 
ikterial  ia  used  witli  excellent  results.     A  second  area  of  these  shales  is 

3wn  to  occur  in  Lafayette  County,  to  the  east  and  southeast  of  Platt- 
ille,  where  the  material  is  to  be  found  around  the  base  of  the  Mound 
|ills  so  prominent  in  that  region.     It  weathers  to  a  yellow  clay  of  high 

sticity  and  one  which  bunts  to  a  very  hard  body  of  excellent  red  color. 

Pleistocene  Clays 

The  Pleistocene  clays  of  Wisconsin  have  been  grouped  by  Buckley 
1)  OS  follows:  1.  Lacustrine  deposits;  2.  Stream  deposits;  3. 
btunrinc  deposits,  and  4.  Glacial  clays. 
Lacustrine  deposits. — ^Thcsc  respresent  a  verj'  extensive  type,  and 
laid  down  during  the  former  inland  extension  of  the  Great  Lakes, 
that  they  are  now  often  found  some  distance  iton\  th6  present  lake 
Thus,  around  Racine,  they  occur  IS  miles  inland.  They  are 
found  at  Sheboygan,  over  parts  of  Door  County,  and  in  parts  of 
mitowoc,  Calumet,  and  Fond  du  Lac  counties;  much  of  Green  Lake, 
^aushara,  and  Waupaca  counties  tfK>  are  underlain  by  them,  while  to 
north  they  are  found  jus  far  as  Shawano.  These  lacustrine  deposits, 
ijoining  Lake  Michigan  on  the  east  und  Lake  Superior  on  the  north,  are 
an  important  source  of  cream-burning  brick-clays,  and  the  beds  often 
^xc€»etl  100  feet  in  thickness.  Sometimes  the  upper  few  feet  burn  red, 
owing  to  the  fact  that  the  rarl>onatc  of  lime  hiw  been  leached  out  of 
"them.  Around  Green  Bay,  Manitowoc,  ami  Iljicine  these  clays  are  much 
Xksed  for  the  manufacture  of  commim,  |ires.sed  brick  an*I  drain-tile,  but 
?y  are  of  little  value  for  anything  else. 

Estuarine    clays. — These  include  all  the  clays  of  eastern  Wisconsin 
jich  are  underlain  by  limestone  and  have  been  modified  by  glacial  action. 
ley  were  forme<l  at  the  same  time  and  in  association  with  the  lake- 
sits,  but  differ  from  them  usually  in  showing  a  more  variable  lirae- 
itent  and  burn  hard  and  dense  at  a  lower  temperature.     Thus,  for 
imple,  the  lake-clays  apparently  have  to  be  burned  uj)  to  cone  3,  while 
estuarine  clays  can  be  burned  at  cone  05  to  I.    These  estuarine 
sits  are  found  along  the  Fox,  Wolf,  Rock,  Wisconsin,  Kau  Claire, 
nppewa.  Black,  Red,  Cedar,  and  many  other  rivers  in  the  eastern,  north- 
Bt«m,  and  southern  parts  of  the  State. 
Glacial  clays. — ^The-se  have  been  deposited  over  a  large  part  of  the 
rtheru  half  of  the  State  and  include  a  series  of  deposits  of  uncertain 
snt   and   variable   character  and  thickness.    In  some  places   they 
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cunsist  of  bowlder-olay  and  are  therefore  of  a  very  stony  character,  while 
at  othera  they  may  represent  deposits  that  have  been  formed  in  temporaiy 
lakes  during  the  last  glacial  epoch.  Those  worked  at  Athens  belong 
tlie  former  t}^,  and  those  worked  ut  Menomonie  and  fonning  the  bans 
of  an  extensive  loca]  industry  belong  to  the  latter  type.  Under  tKk 
heading  we  ehmild  perhaps  also  inclu<le  the  silty  loess-clays  which  rover 
a  large  area  in  the  western  part  of  the  State  and  are  worked  at  Plattenlle, 
Menomonie,  La  Crosse,  and  other  places.  They  represent  a  good  rW' 
acter  of  clay,  which  in  many  in.stances  is  used  only  for  common  brick, 
but  is  also  adapted  to  the  manufacture  of  dry-press  brick. 

Ahaltses  of  WiBcoxaix  Clats 


Silica  (SiO.) , 

Alumina  (AljOa).  ... 
Ferric  oxide  (FeiOi). 
Lime  <CaO). 


Magncaiu  (MgO) 

Potttsh  (K,0). 

Soda  (Na^) 

Loes  on  ignition 

Titanic  acid  (V\0,) 

Manganese  oxide  (MnO). 


Silica  (SiO,) 

Alumina  (AI3O1) 

Kyrric  oxide  (Fe/)j) 

Limo  (CaO), 

Magnesia  (MgO) 

Potash  {K.0) 

Soda  (Xa.A>}; 

T^iKS  nn  ignition 

TiUnic  acid  CfiOj) 

Manganese  oxide  (MnO). . . . 


I. 


64  50 

26.20 

0.07 


0.31 


11. 


62  59 
17  42 
5.K8 
none 
1.2-1 
8.08 
0.52 
4.15 
0.30 
SO.  trace 


VI. 


40  ir 

9  14 
3  00 

14  49 
8  M 
3  OG 
0-34 

21.37 
0  35 
0  09 


VII. 


31  90 
8.74 
3  00 

17.06 

10.63 
2  20 
0.82 

25.19 
0.25 
0.19 


m. 


35  93 

11. 75 

4  08 
12.43 
0.92 
2.46 
1.24 
22.06 
0.30 
0.10 


vni. 


71.77 

13.74 
3.60 
1.23 
1.17 
2.90 
1.20 
5.00 
0,45 
(race 


IV. 


48  39 

12  50 
5  40 

10.88 
4.82 
3.90 
0.68 

13.02 
0.43 

trace 


V. 


44  16 

10  63 

3:10 

14  05 

5  91 

3  10 

0  :o 

17,31 
030 


IX. 


65.44 
13  51 
6.40 
2  95 
2  20 
3.44 
1.54 
4.09 
0  60 
trace 


09  tW 
13  &S 
5  M 

0  71 

1  43 

2  36 
17» 
4.40 
077 
tn» 


IjOcamtees  op  the  Above 

No. 

Locality. 

Oeolonical  Agfi. 

Vmw. 

I. 

II. 

Onkfield 

It            It 

IH. 

IV. 

Brick 

V. 

f  (        1  ( 

ti 

n 

VI, 

1 1 

4« 

Vli. 

l< 

vni. 

ft 

IX, 

1 1 

PrmanH  brirk 

X. 

II 

^idk 
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4.  Irving,  R.  D.,  Geol.  Wis..  11,  p.  630. 

5.  In'ing,  R.  D.,  Mineral  Resources  of  Wisconsin,  Amer.  Inst.  Min. 
Eng.,  Trans.,  VII!,  p.  478. 

G.  Ries,  H.,  Clays  of  Wisconsin,  Mining  World,  Mar.  25,  1905.    See 
also  forrhcoming  bulletin,  Wis.  Geol.  and  Nat.  Hist.  Sur\'. 

7,  Sweet,  E.  T.,  Milwaukee  Clay.  Amer.  Jour.  Sci.,  iii,  XXIV,  p.  154. 


Wyoming 

Little  is  known  regarding  Wyoming  clays,  owing  largely  to  their  lack 
of  development.  W.  C.  Knight  says:'  "So  far  as  is  known,  the  cliiys 
of  Wyoming  that  have  any  commercial  importance  occur  in  beds  of  tlio 

iBBdimentary  rocka.  These  clay-beds  are  most  numerous  in  the  Jurassic 
and  Cretaceous  formations,  but  are  found  to  some  extent  in  the  Tertiary," 
The  formations  containing  these  clays  are  found  flunking  nearly  all  of  the 
mountain-ranges  in  the  State,  and  the  clay-beds  vary  iii  thickness  from 
4  to  40  ft.  Bowlder-clays,  that  are  so  coounon  in  the  Fast,  are  not 
known  and  will  be  found  only  in  small  and  isolated  localities.  With  the 
exception  of  the  manufacture  of  common  brick  no  attention  has  been 
paid  to  any  of  the  clay  industries,  and  all  of  the  fire-<*lay  goods  used  in 
Wyoming  are  marmfacturcd  in  Colorado,  while  pressed  brick  are  shipixxl 
in  from  various  points.  This  condition  Is  largely  due  to  the  limited  popu- 
lation of  the  State,  and  the  slight  demand  for  rlay-products.  The  com- 
mon brick  which  are,  as  a  rule,  manufactured  from  loess,  are  verj"  siliceotis 

'  and  fragile,  although  in  a  few  places  there  is  clay  enough  in  the  loess  to 
make  a  medium-gnule  brick.  Judging  from  the  apjiearance  of  the  clay- 
beds  and  their  geological  position,  they  will,  when  tested,  prove  equal  to 

\  the  Colorado  beds. 

At  Cambria,  Weston  County,  the  clays  associated  with  the  coals  have 
been  found  adapted  to  the  manufacture  of  dn"-prcss  brick. 

Beotooite. — A  peculiar  variety  of  clay  found  in  Wyoming  and  known 

!  as  ht^ntoniU  was  first  described  by  W.  C.  Knight  under  the  name  of 
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taylorUeA  Finding  that  the  latter  name  was  preoccupied  he  proposed 
the  name  of  bentonite  for  it  ^  from  its  occurrence  in  the  Benton  fonna- 
tion.  The  deposits  in  the  northeastern  part  of  the  State,  m  thevicinity  of 
Newcastle,  were  first  described  in  detail  by  N.  H.  Darton.^ 

Bentonite  when  fresh  has  a  yellowish-green  color,  but  assumes  a 
light  cream  tint  on  exposure.  It  is  fine-grained,  soft,  and  absorbs  three 
times  its  weight  of  water,  accompanied  by  swelling.  Its  specific  gravity 
is  2.18.  Professor  Knight  pointed  out  its  resemblance  to  the  eftrm- 
hergite  of  Germany,  but  it  differs  from  it  in  containing  less  alkali.  The 
soda  reported  in  the  analyses  is,  as  a  rule,  found  in  the  clay  in  thin  se&ms 
as  sodium  sulphate.  The  following  analyses  were  made  at  the  Wyoming 
School  of  Mines. 


Analyses  op  BENTONrrE 


Silica  (SiO,) 

Alumina  (AlaO») 

Ferric  oxide  (FcaOj). . . , 

Magnesia  (MgO) 

Lime  (CaO) 

Soda  (Na^O) 

Sulphur  trioxide  (SO,). 

Water  (H^O) 

Brwcific  gravity 


P«acb 

Creek. 


59.78 

15.10 

2.40 

4.14 

0.73 


16.26 

2.18 


Crook 
County. 


61.06 
17.12 
3.17 
1.82 
2.69 
0.20 
0.80 


Weston 
County, 


63.25 

17.62 

3.70 

3.70 

4.12 

1.53 


2.132 


NMrniuk 
County. 


65.24 

15.88 
3.12 

\   5.34 


9.17 


The  peculiarity  of  composition  of  this  clay  lies  in  its  high  combined 
water-content  as  compared  with  the  alumina  percentage. 

The  clay,  whicli  occurs  in  the  Benton  group  of  the  Cretaceous,  has  been 
found  extensively  in  Wyoming  in  Crook,  Johnson,  Weston,  Converse, 
Natrona,  Carbon,  Albany,  and  Laramie  counties.  More  recently  addi- 
tional deiicisits  have  been  discovered  8  miles  east  of  Frannie,  and  5 
mile.s  iiortli  of  Cowley,  Wyoming.^*  The  distribution  of  the  Benton 
format  it)n  in  Wyoming  is  shown  in  Fig.  65. 

Bentonite  has  been  used  in  thp  mannfacture  of  soap,  as  a  parkins 
for  a  special  kind  of  horseshoe,  as  a  diluent  for  certain  powerful  drut;* 
sold  in  tiio  powdered  fcirni.  and  as  an  adulterant  of  candy. 


1  Eng.  and  Min.  Jour..  LXIII,  p.  600,  1898. 

'  Ihid.,  LXVI,  p.  491. 

'  Geologic  Atlas,  Folio  No.  107,  1904. 

*  U.  S.  Geol.  Sun.'.,  Bull.  260,  562,  1905. 


fHAPTER   VI  n 
nLLER*-  EARTH 

Properties 

Frt-LEB*'  esurh  '^  a  pec-uliar  t\-pe  frf  clay,  which  has  the  power  of 
ab«r/ri/iri^  zr^A^'  -'jiji?tADrt«.  In  ha  appearance  when  drj-  it  is  often 
•iiffitruh  to  di-TiriZTii^r.  fp>m  ordinaiy  clay,  bui  when  wet  is  often  cf 
lean  c^iara/rt^r  Hie  statement  usually  seen  in  print  that  it  lacks 
plasticity  and  fa!l>  to  pieces  in  water  ;$  misleading  and  of  do  value- 
l^lien  drierl.  fullers'  earth  often  adhocs  stronely  to  the  tongue,  but  so 
do  tiftat  oHinan'  clays  which  have  no  clarifying  powers.  The  colw 
'».  also  variable. 

The  quantitative  analysis  shows  that  its  common  chief  difference 
iT*fm  orrjinar^'  Hay  lie^s  in  its  relatively  higher  percentage  of  combined 
water,  but  a  rhernical  analysis  Is  of  little  value,  and  a  practical  test  is 
n*-'"**.sar^'  in  ordf-r  X'>  determine  its  worth.  An  incorrect  statement 
often  i^r*-ii  in  prinr  i-  that  fullers'  earths  contain  a  high  magnesia-content. 

iJana  '  d^finfrr^  fulUT:-'  earth  as  including  many  kinds  of  "unctuous 
clnvH.  gray  to  dark  frreen  in  cnlor.  and  being  in  part  kaolin  and  in  part 
j-niH-titf."  It  i>  pla'-e*^!  by  him  with  several  clay-like  minerals  (all  of 
thern  ViydroTi.-  j-ilif-atf-S'.  namely,  smcnrtile  and  malthacite.  of  not  ver>" 
d'-dnitc  fl]('rni<al  fonifK^ition.  but  all  having  a  high  percentage  of  com- 
bined w.itcr. 

Sni'ciiW:  [iropf-r  i^  dcfinf<l  as  a  "mountain-green,  oil-green,  or  grav- 
t'rer-n  '-l;!'.',  from  ('iit\"  in  Lowfr  Styria." 

Maltliacju-  in  <iffiticd  ;is  (K-riirring  in  thin  laminae  or  scales,  and  some- 
tiirics  iniivsivr-.  \\\\\\  the  (■t»]()r  white  or  yellowish.  The  original  occur- 
rcnr-c  is  (he  r(--ii]t  of  disintcgralion  in  a  basalt  at  Steindorfel.  in  Lausitz. 
UcraHrii.  in  I'.olicrnia.  is  anf>fhor  locality.  It  is  not  quite  dear  on 
what  (•\  i'lcricf   Dana  provps  fullers'  oiirth  to  be  a  mixture  of  "kaolin" 

'  .■System  of  Mincni!og>',  lH9;i,  p.  695. 
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be  probubly  meant  kaolinite)  and  smectite,  for  the  chemical  analysis 
lone  would  not  wnrrant  this  statement,  and  pctit^raphic  examma- 
aona  (see  below)  afford  little  aid  in  this  matter. 

Indeed    none  uf    (he   publislied  analyses  uf   fullers'  pjvrth  show  a 
imposition  at  all  similar  to  either  smectite  or  malthacite,  and  what 
fcheir  mineral  composition  is  has  not  t>epn  proven. 

Merrill  '  stat^rf  that  "the  English  eartli,  when  examined  under  the 

jicroicope,  consists  of  extremely  irregular  colored  particles  of  a  sili- 

mineral  which  in  its  least  altered  state  Is  colorless,  but  which  in 

rly  everj-  case  has  undergone  a  chloritic  or  talcose  alteration,  whereby 

particles  are  converted  into  a  faintly  yellowwh-green  product.     The 

1  arc  of  all  sizes  up  t<»  .07  mm.,  but  the  larger  portion  of  the  material 

made  up  of  purticle.s  fjiirly  uniform  in  size  and  about  the  dimensions 

entioned.    In  addition  to  these  are  minute  colorless  fragments  down 

sizes  .01  mm.  iind  even  smaller.     The  minute  size  of  these  colorless 

tides  renders  a  detcrminution  of  their  mineral   nfiture  practically 

ipossible.  but  the  outline  of  the  cicaviige  flakes  is  suggestive  of  a 

EL-lime  Feldspar." 

"The  Gadsden  County,  Fla.,  earth  under  the  microscope  shows  the 
greenish,  faintly  doubly  refracting  particles  as  does  tlie  English, 
atermixe<I  with  numerous  angular  particles  of  quartz." 

Up  to  within  a  few  years  ago  nearly  all  of  the  fullers'  earth  used 
the  United  States  was  imported  from  England,  where  large  deposits 
this  material  cxl=it.  but  since  that  time  deposits  have  been  found 
a  number  of  states,  including  Florida,  Georgia.  Alabama,  Arkansas, 
olorado,  New  York.  South  Dakota,  and  California. 

Distribution  in  the  United  States 

But  little  has  been  published  regarding  the  American  fullers*  earth 
ecurrences. 

Georgia-Florida. — Those  of  northern  Florida  and  the  adjoining 
aarts  of  ( kntrgia  were  first  described  by  H*.  Ries  2  and  later  by  T.  W, 
^aughan^  and  D.  T.  Bay.*  According  to  these  wTiters  extensive  de- 
sits  of  fullers'  earth  are  found  in  the  southern  part  nf  Dceatur  C^tunty, 
i.,  and  in  Gadsden  County,  Fla.,  in  the  western  jjortion  of  Leon  County, 
Pla..  and  a  few  other  points. 


* 


'  Giiuie  to  Study  of  Non-metatlic  MinonilK,  p.  3.'t7,  1901. 
>U.  S.  Gool.  Surv.,  17th  .\nn.  Kept.,  Pt.  Ill  (ctd.},  p.  877. 
«U.  S.  Geol.  Sun...  Miii.  Res..  1901,  p.  02-.;.  1903. 
*  Jonr.  Frank.  Inat.,  CL,  1900. 
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According  to  Vaughan's  >  determinations  the  stratigraphic  potitw 
of  the  fullers*  earth,  excepting  that  from  Alachua  CVmnty,  is  Uppw 
Oligofcrie.    Tlie  sections  seen  in  the  pita  vary  at  the  different  localitie, 
but  the  following  might  serve  as  representative. 

Fwt 

Overburden  (Sandy  clay) , , . ,  5  to  30; 

Fullers'  eiirth 6  to  lo' 

Sandstone  with  cr^'stals  and  lumps  of  calcite  or  aragonite...  3  to   4 
Fullers'  earth .  5  to 


i 


Most  of  the  earth  when  dry  is  of  whitish  color,  flaky,  brittle,  ind 
-adheres  strongly  to  the  tongue.     Analyses  are  given  below,  and  a  vtew- 
of  one  of  the  pits  is  shown  in  PI.  XLIV,  Fig.  1.  f 

South  Carolina,  North  Carolina,  and  Virginia. — Earth  of  ven-  m 
quality  has  been  obtained  from  near  Sumter.  South  Carolina,  and  dejKeiu 
are  also  known  in  North  Carolina  and  Vii^nia,  but  the  earth  from  tiw 
last  two  is  more  or  less  sandy .^ 

Hew  York. — In  this  State  deposits  of  fullers'  earth  occur  at  McCoo- 
nellsville,  12  miles  north  of  Rome.  The  material  is  a  fine-grained,  tietiHs, 
Quaternary  clay  in  layers  2  to  8  inches  tliick.  iutcrbedded  with  layer? 
sand  of  similar  thickness.  Tliis  earth  has  been  used  only  for  clearain 
woolen  goods.' 

Arkansas. — Deposits  of  earth  are  worked  in  Arkansas,  and  ansly 
of  some  fullers'  earth  from  that  State  are  given  in  the  table  below. 

South  Dakota. — In  South  Dakota  *  the  first  depngits  were  locate 
and  opened  up  five  miles  southeast  of  Fairbum,  Custer  County,  tl 
section  showing: 

P«e«. 

Micaceous  sandy  clay q 

Fullers'  earth 9 

Micaceous  sandstone 

The  earth  isayellowirth  pritty  clay,  with  a  somewhat  nvwiularstructun 
Other  deposits  are  known  near  Argyle  and  Minnekata.  The  deposi 
are  i>f  Jura,ssic  age. 

California.— Fullers'  earth  is  said  to  occur  in  Kem  and  San  Ba 
nardino  counties,  but  only  that  in  the  former  appears  to  have  b« 


'  L.  c,  p.  U23. 

'  Day,  I.  c,  p.  591. 

•  N.  Y.  State  Mua.,  Bull  35,  850,  1900. 

•  II.  Ri«j.  Amer.  Inst.  Min.  Eng.,  Trans.,  XXVII,  p.  333,  U 
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^ 
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B  U 


I     S-nortir*  frw..  ISIK        I'.«t.  Ann.,  LXXVIl.  p.  SOI.  I8Je. 
11.    Malihacile  fnan  C4t«iiKl<)rf»l       [iNna.  Hy*t.  Mm.,  IM3. 
III.   W'>huni  ^ari'lx.  l-Uir    IvpUow).  It.  U.  HkrUnU.  atwl. 
IV.  Cftils^lfn  C'niinty.   ¥U..   I*.   Firmiftn.  aruL      t'    S.  OmnL  flurr.,  17lli  Ana.  RcH..  Il-   MI 

'cuL).  ^J.  880. 
V     IVmtiir  CVtuniy,  O*,,  ibi.1, 
^I     Fnirluini.  a  Dnk.,  !•:.  J.  RicVrvr,  nnal.      IT.  S.  GiKil.  Siirv.,  17lb  Ann.  Ttspl..  Pi.  Ill  (oKL), 
n  W). 
\  II,    ClnHnl.rr.  Kni<l.  Okh.  Ti-r     r,.  p.  MrmTI.  Non-n>«(nl?io  Minrral-. 
VIII,    lijmtrr.  S,  Ca..  II.  Ki«-.  anal       1"    S   rKK>l.  .Sun-.,  Min.  Km..  lOOl.  \>.  032,  IWa 
l\,    Rik«'r*li*>l.|.   K*m  C'niiniv.  (Iilir.      Miii,   Intlu-,,  A.  i.,  373,  ,         ^ 

X.    Alexun.lfr.  Ark..  I  R  .  IS  W  .  *<*c.  ».  S.  W.  |  of  8.  K  J.      Bnuiirr.  Afiier.  lort.  Min.  En«.. 
Tnm-..  XXVII.  |i.rt2.  I**98. 


<  Calif,  state  Min.  Bur.,  BuU.  38,  p.  774,  1906. 
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ArcM^ine  to  Rice  >  "Tbe  Florida  eutb  is  usually  mined  with  pirb 
and  ifaovci&"  A  ^ood  metbod  is  to  use  mattoclEs,  which  shave  the  naif 
rial  ciff  in  thin  pieces,  and  ssTea  subeequent  labcn*  in  breaking  up  the 
fallen'  earth  after  it  has  been  ^wead  upon  the  diying-floor.  After 
mining  the  Usual  metbod  is  toqncad  the  material  in  a  thin  layer  oiwi 
drring-frjor  crA^meted  of  i^anks.  It  is  thus  dried  in  the  sun,  and  in 
drring  it  bleaches  to  a  white  color.  The  nuterial  is  then  gathered  mto 
sacks  for  shipment.  By  this  air-diying  about  50  per  cent  of  moisture  ii 
vemoved.  Drying  can  be  dtme  more  rafHdly  by  passing  the  earth  through 
a  hot  c^iinder. 

Day  '  states  the  following  regarding  the  uses  of  fullers'  earth: 

"The  Florida  earth,  ground  to  GO  mesh  and  finer,  is  used  almost  exchi- 
sreiy  as  a  substitute  for  bone^lack  in  filtering  mineral  lubricating-oilg, 
although  its  use  has  been  somewhat  extended  for  the  lightening  of  the 
edor  of  cottonseed-oil,  but  for  this  latter  purpose  the  employment  d 
English  fullers'  earth  is  still  generally  practiced.  The  English  earth 
has  not  proved  any  more  suitable  fen*  the  refining  of  mineral  oils  than 
has  the  American  earth  tor  use  in  vegetable  oils.  The  common  practice 
with  these  mineral  oils  is  to  dry  the  earth  carefully,  after  it  has  been 
ground  to  60  mesh,  and  run  it  into  long  cylinders,  through  which  the 
crude  black  mineral  oils  are  percolated  ver>'  slowly.  As  a  resul:  the 
first  oil  which  comes  out  is  perfectly  water  white  in  color,  and  markedly 
thinner  than  that  which  follows.  The  oil  is  allowed  to  continue  perco- 
latinjt  through  the  fullers'  earth  until  the  color  reaches  a  certain  maxi- 
mum shade,  when  the  process  is  stopped,  to  be  continued  with  a  new 
portion  of  earth.     The  oil  is  recovered  from  the  spent  earth. 

"M'ith  the  vejietable  oils  the  process  is  radically  different.  The  oil 
is  heatoil  to  Ijcyond  the  Iwiling-point  of  water  in  large  tanks,  and  from 
5  to  10  iK-r  rent  of  its  weight  of  fullers'  earth,  ground  to  100  or  120  n:esh, 
is  then  added,  and  the  mixture  vigorously  stirred  for  20  minutes,  and 
then  filtered  through  the  l)ag  filters.  The  colorinp-niatter  remains  in 
tlie  earth,  leavinj?  the  oil  of  a  very  pale  straw  color,  provided  the  original 
eottonseed-oil  Imd  l)een  Pufficiently  well  refinetl  by  the  ordinari'  process 
to  admit  of  tliis,  and  provided  the  operation  had  been  conducted  with 
sufficient  care." 

•  h.  c,  p.  879. 

'  U.  S.  Cl«)l.  Sun*.,  21st  Ann.  Kept.,  Ft.  6  (ctd.),  p.  S92. 


FULLERS'  EARTH  46" 

Fullers'  earth  was  originally  used  for  fulling  cloth,  that  is,  cleansing  it 
of  grease,  but  this  is  now  its  least  important  application.  It  is  also 
employed  in  the  manufacture  of  certain  soaps.  Its  use  for  removing 
calcium  carbonate  from  water  for  boiler-supply,  thus  preventing  dele- 
terious incrustations,  is  also  suggested.^ 

Production.— The  total  production  of  fullers'  earth  for  1904  is 
given  by  the  IT.  S.  Geological  Sur\^ey  as  29.4S0  short  tons  valued  at 
$168,500,  the  greater  part  of  the  supply  coming  from  Florida,  and  the 
balance  from  Arkansas,  Alabama,  Massachusetts,  Colorado,  and  New 
York. 

The  total  imports  of  both  prepared  and  crude  earth  in  1904  amounted 
to  9126  long  tons  valued  at  $74,006. 


»  U.  S.  Geol.  Surv.,  Min.  Res.  for  1904,  p.  lliil,  lOOo. 
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rutile  in.  56                                   ^^H 

guiabo,  199 

(tagger.  196                                      ^^H 

Kypeium  in,  56,  711 
FienUftCito  in,  54 

iiecondary  character  of,  1              ^^^| 

WMlimentary,  14                            ^^H 

hoUow-brirk,  ld2 

selenite  in,  56                               ^^H 

hornblende  in.  57 

sewcr-pipe.  183                              ^^^| 

hydrous  silica  in,  70 

Hideritc  in,  55                                  ^^^H 

hydro  xidcH  in,  I 

aiJica  in,  1^8                                      ^^^| 

i  loenit'!  in,  5ti 

siiic'Btc«  iu,  I                                    ^^^H 

irtxi  cumpounilft  in,  72 

aiip.  193                                           ^^1 
■oda  in.  82                                   ^^H 

iron  in.  coloring  lu^tion  of,  72 

inxi  oxirlea  In.  61,  71 

ooluble  aalta  in.  90                       ^^H 

kaolin,  165 

speciGu  gravity  of,  130                  ^^H 

kiadfi  of,  165 

•tatislaca,  288                                  ^^M 

lake.  30 

stoneware.  180                                ^^H 

lepidolite  in,  &i 

swamp,  2')                                       ^^^1 

lime  in,  70 

lon-tilt!  Htn-Hf^th  of,  120                  ^^^| 

lin»e  carbonate  in.  70 

tcrrn-ootta,  iS'i                              ^^^m 

lime  silicates  in,  7S 

texture  of,  108                                ^^H 

Umonite  in,  54 

tJtuiiium  in,  84                               ^^^H 

littoml.  *25 

triiOMportoil,  14                                 ^^^H 

Iwia,  186.  300 

tourmaline  in,  57                            ^^H 

inAgTieaia  in,  80 

ulttDiAto  aiiaJyHis  of,  58                 ^^^| 

niagnesite  in.  57 

ultramarine,  199                            ^^^| 

magnetite  in,  55 

nw«  of.                                             ^^1 

nuuiffancMfl  in.  58 

Taoadiate«  iu,  G7                          ^^H 

mMnifociluring  raethods,  217 

viriauite  in.  58                                ^^H 

marine,  19 

wnd.  197                                          ^^H 

meL-hkiiicaJ  analyau  of,  108 

]!Ni                                         ^^H 

mcta-ft^dimentary,  25 

wfuliing,  213                                   ^^^B 

mica  in.  53 

water  in.  86                                              m 

mineral  compoanda  in,  68 

weatheritig  of.  104                                1 

minerals  in,  40 

Clay-deponte,  change  of  color,  35                 1 

mininff  metbodd.  204 
loiiicellaneoun  kinda  of,  195 

chemical  changes  in.  33                         1 

clnitiiitication  of.  23                         ^^^1 

inoi>iittirp>  in.  HtS 

ct)nrn>1i4in>i  in.  V>                           ^^^M 

mottlioK  of.  34 

<:-uti9oltdAtiun  of.  35                        ^^H 

miiii'orite  in.  54 

fUsGoloration  of.  34                         ^^H 

origin  of,  1 

oroMon  of,  30                                   ^^^| 

oatcropa,  199 

exploitation  of,  203                      ^^H 

oxides  in.  1 

fuulting  of,  28                                  ^^M 

point,  198 

folding  of.  28                                    ^^M 

paper.  197 

leaching  of.  ?5                               ^^H 

]NUvn  t  rock  of.  1 

mechsiUcal  cliangm  in.  28             ^^H 

paving-brick,  191 

iwcondary  changes  in,  28                ^^^H 

pelagic.  25 

softening  of.  35                               ^^H 

periDMbiUty.  103 

titling  of.  28                                 ^^H 

physical  propertieA  of.  M 

Clay  MoH  wrice,  370                             ^^^| 

pipe.  190 

nay-mining,  212                                     ^^H 

pUstiritv  of.  94 

Clay  products,  statistiM.  278               ^^H 

tiolistane,  199 
Portland  oement.  197 

Cla)-  >lidos.  206                                        ^H 

<1ay  sabstAiioe,  ft                               ^^H 

potf<h  in.  82 

Clayton,  Man,  340                                ^^1 

pre|MirBtion  of,  213 

CUytoo,  Waah..  441                               ^^M 

^_   prenod  bricks  187 

dereUiid,  Ohio,  392                            ^^M 
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Cleveland  shales,  Ohio,  392 
Cliffwood  clays.  New  Jersey,  369 
Ointoa  shale.  New  York.  376 

Pennsylvania,  402 

West  Virginia,  442 
Clovcrport,  Ky.,  329 
Coal,  Wyoming,  clays  with,  467 
Coal-measures,  303,  321.  329,  356,  393 
Coffeyville.  Kan..  326 
Cohansey  clay.  New  Jersey,  370,  371 
Coldwater.  Mich.,  346 
Coldwater  shales,  346 
CoUier,  W.  Va.,  446 
Collins,  cited,  5,  210 
Colloids.  1.  99 
Colluvial  clays.  27 
Collyrite,  51 
Color  of  cla^.  161 
Colorado,  clays  described,  289 

mentioned,  179.  191 

Hesozoic  clays.  290 

Pleistocene  clays,  290 

references  on.  290 
Columbia,  S.  C,  415,  416 
Columbian  formations,  296.  331,  337,  413, 

415.  437 
Columbiana  County,  Ohio,  396 
Columbus,  Ga..  301 
Columbus.  Ohio,  392 
Common  brick,  186 
Concho  County,  Tex..  426 
Concretions  in  clay,  36,  36,  427 

limonite,  54 

siderite,  65 
Conduit  clay.  New  York,  376 
Conduits,  manufacture  of,  251 

mentione<l,  179.251 
Concmaugb  seriefi,  336,  398.  411.  446 
Cones,  Seger,  148 
Connecticut,  clays  described,  293 

Pleistocene  clays,  295 

references  on,  296 
Conoq  ueneBBing  sandstone,  Ohio,  393,  394 
Converse,  Wyo.,  458 
Cooper,  Tex.,  428 
Cook,  G.  H.,  cited.  51.  98.  104 
Cooper  County,  Mo.,  354 
Copper,  adHorption  by  clay,  164 
Copper  Queen  mine,  clay  in,  286 
Coming,  N.  Y,,  376 
Cornwall,  England,  kaolin  nt,  5 
Cornwall  stone,  analysis  of,  11 
Corona,  Cal., '289 
Corsicana,  Tex.,  428 
Coruiina.  jMich.,  .345 
Corundum  %vheelB,  clay  in,  199 
Coshocton  County,  Ohio,  395 
Cowley,  Wyo.,  458 
Cox,  E.  T..  cite<l.  310 
Cramer,  cited,  85,  141,  148 
Craw  fords  ville,  Ind.,  309 
Creniiatacbenski,  cit^,  98 


C  a  ware,  defined.  262 
Cretaceous  clays,  Iowa,  321 

Kansas.  327 

Maryland.  336 

mentioned.  28,  41.  67.  161,  109,  i:i 
183.  185,  191,  197.  289, 301 

Minnesota,  346 

MississipfH,  362 

Missouri,  356 

Nebraska,  363 

New  Jersey,  366 

New  York,  378 

North  Dakota,  389 

sedimentary  clays  of,  17 

South  Dakota.  419 

Texas,  426 

Wyoming,  457 
Cretaceous  fullers*  earth,  465 
Cripple  Creek,  Colo.,  kaolin  at,  6 
Cnws,  W..  cited.  6 
Crook  County.  Wya.  468 
Cracibles,  179 
Cnishers.  described,  219 
Cromwell.  Conn.,  295 
Cumberland  City,  Tenn.,  421 
Cumberland  County,  Pa.,  402 
Currier,  Tenn.,  423 
Cushman.  A.  S.,  cited,  101. 103, 104 
Custer.  S.  Dak..  419 
Cyanite,  as  source  of  kautinite,  47 

D 

Dakota  group.  290.  321,  400, 419 

Dallas.  Tex.,  427 

Dana,  R  S.,  cited,  48,  50.  460 

Danveraport,  Mass.,  342 

Darlmgton  clay,  407 

Darton.  N.  H.,  cited,  296,  468 

Daubree,  cited,  6,  97 

Day,  D.T.,  cited,  461,466 

Decatur  County,  Ga.,  461 

Delage,  cited,  41 

Delaware,  clays  described,  296 

mentioned,  198 
Delaware  County,  Pa.,  401 
Dellslow,  W.  Va.,  446 
Delta-claya.  25 
Demond,  cited,  155 
Denton,  Tex.,  427 
Denver  Basin,  clays  of,  290 
De  Smet.  S.  Dak.,  420 
Detroit,  Mich.,  34fi 
Devonian  shales)  or  clays,  Iowa,  318 

Kentucky,  328 

Maryland,  325 

mentioned,  28.  179.  185.  191 

Michigan,  345 

Mississippi,  352 

Ohio,  392 

Pennsylvania,  402 

West  Virginia,  442 


^^^^^^^^^^^^^                                  ^^^^                      1 

^HfartQniiu:M>ufl  earth,  Virginia,  437 

Ekinorc,  Cal.  289                                            ^^1 

^^EL  CT)t4Hl,  42 

BriAmple<l-lmck  days,  191                                  ^^^H 

^Efefeinaon.  N.  rtak..3»i» 

Encanstio  tile,  25S                                               ^^^| 

^^biHTolonition  by  Taniutiates,  57 

Eocene,  67.  352,  416. 437                                ^^1 

^^DiaintcgrAton*.  dciHrribecl,  2t9 

ooaEs.  clay  with,  428                                 ^^H 

^m^      mentioned,  251.  252 

Epidol«  na  SDuroe  of  kaoUnite,  47                   ^^H 

^^Distnat  dI  Coltinibia.  clays  of.  296 

Eroi>iion  of  clay»,  30                                             ^^^| 

^HMomile.  men lionpirt,  41,  70 

RHO^Lnuha,  Mich.,  34(V                                          ^^^| 

^H        ooourrence  lu  clny,  57 

h]^scx  County.  Maml.  340                                  ^^^| 

^Bonuiy.  Mel..  335 

KaliiJirinu  otays.  19.  371,  378,  455                    ^^H 

^^bouble  ooni  hrick,  239 

Excavation,  niethoia  of,  204                             ^^^H 

^^pown -draft  kitns.  253 

^^^1 

^^bnuii-Ulu  i;Uy,  Coimecticut.  295 

^^^1 

■^       [owa.  321 

^H 

H          KunsoA.  32tt 

^^^M 

^B          Mi&«uuri,  359 

Fairbnm.  S.  Dak..  462                                        ^^H 

H          New  Jernev,  371 

Fargo.  N.  Oak.,  390                                            ^^H 

■          New  York,  376.  378 

Farrandaville.  Pa.,  41>G                                        ^^H 

H          Nurtli  Carolina,  365 

Faulting  in  clay-depoaita,  28                              ^^^| 

M.         Ohio.  3ftl,302 

Fayenci',  nrcbitn-tural.  2A4                                   ^^^H 

HQprairi-tilr  mnDufot'tiire,  247 

de6ned.  262                                                  ^^M 

^^brvux,  ('[av  from.  48 

Fayette  County,  Pa.,  406,  407                           ^^H 

^fe^f^clay».  20 

PnyDtt4iv]Ilf!.  Pa.,  aftn                                              ^^H 

^^a>ryin;;-lloDra,  251 

Feldspar,  ad^orptive  power,  163                     ^^^| 

^B>rying-tiinncl!i,  described,  232 

coiupuiitioQ  of,  53                                        ^^^H 

H^       raeorionpd.  252,  270 

mi'ntionr<l,  6,  11.   41,  47,  48,  53,  W,    ^^1 

^U)ry  pana,  descril>e<i.  210 

70,  76,  77,  83,  84,  136. 257,  -261.  270^    ^H 

^m_      mentiotietl,  2-10,  251,  252,  257 

^^H 

^Brr-pma  hrictt,  21h> 

onciirrcrcr  in  clay,  03                                 ^^^| 

^B^       provMs,  described,  231 

reot'tionH  in  kaoUuixation  of.  47                ^^^| 

^B                 nientiooc<l,  252,  262 

Feldiipar  bodn.  New  Jersey.  360                        ^^^| 

^bunkard  series.  .108,  449 

Fembank,  .41a.,  283                                                 ^^H 

^^^urand.  Wis..  452 

Ferric   oxide,   detorminatioii   of,   05.     Sm            V 

^^utch  kitiu,  230 

Jron  oxide                                                           ^^B 

FRrriferuiiH  coal  nnder-rlay,  4^)6                        ^^^| 

^m 

KorrifcrODs  litncalonc-clny,  394,  395                 ^^^| 

Ferria.  Tex.,  428                                                   ^^H 

^f  Eaflle  Pord  rortnatton.  Tex.,  427 

Perroitx  nxidp,  d^terminnlinn  of,  66                 ^^^| 

■Eagle  Paag.  Tox..  427.  428 

FeiJortetliKkeita-Quotient,  145                          ^^^| 

^B£itrtli«iiwar«,  dciined.  262 

FiIterpnM.4,  214,  261.  205                                  ^^H 

^B         mention^!.  182 

FirR'hrick.  rone  of  firing,  253                            ^^^H 

^B        rod,  burning  of,  270 

ColoraHo.  290                                                ^^M 

^■BartJicnwarocUy,  Connectiotit,  200 

Connrcticut^  295                                          ^^^| 

■^       Iowa.  Mii,  MS 

manidartun*  of.  2.'i2                                    ^^^H 

^M          MaMnchiiMOltH,  342 

recitiin^mentM  ol,  253                                       ^^^H 

^1         Michinnn.  M!i 

uhapea  of.  253                                               ^^H 

^H         Pi<nn.<4ylvHnia,  413 

t«>xUirH,  253                                                        ^^^1 

^HEa^t  Liverpool,  Oliin,  40? 

Webrr')!  ^xperimcntH.  253                           ^^^M 

^■Eaii  Claire.  Wis.,  452 

Fim-clay.  Alabama.  283                                  ^^H 

^BCdL>n  Mhnlo.  Ohio.  301 

assoviatiiiii  witli  roal.  170                           ^^^| 

HEdi^ar.  Fta..  W,.  2^7 

chemieal  compoMtion,  170                          ^^^| 

^b&lwunlH  County.  Tex..  426 

Colorado.  200                                           ^^^| 

^BSSdwurd^  lifnt'<4ti)Ti<_-.  kaolin  in.  426 

definition  uf.  170                                          ^^^H 

^■Elircnbereitc.    cojnpun^l    nitli    ltentonit<>, 

DelAM-are.  200                                               ^^H 

H^458 

dislnbniioQ,  giwraphio,  177                    ^^H 

ueologic,  179                                      ^^^| 

tor  elm  pota,  179                                     ^^H 

Indiana.  312                                                  ^^M 

^felKin.  Tcv..  431 
KBIIc  Countv.  Pa..  402 

^blkirui.  W.  Va..  442 

^nilerslif^.  Md..  33-'} 

Iowa,  321                                                        ^^1 

^nime>nt)orfT.  Tex..  431 

Kentucky,  329                                            ^^^M 

Hpimim,  X.  Y..  378 

Maryhind,  335,  33S.  337                      ^^^H 

^ra  Reno.  Okla..  400 

mentioued,  214                                ^^^^^^M 
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Fire-clay,  Mexico  Connty,  Ma,  356 

MiBsouri,  356,  359 

New  Jeraej,  174.  369,  371 

New  Mexico,  373 

New  York.  378 

North  Candina,  3S5 

Ohio,  392,  394.  395,  397 

Pemuylvuua,  401.  402.  406,  406,  407, 
411 

pholerite,  51 

properties  of.  170,  177 

St.  Louis,  properties  of,  356   , 

silica-alumina  ratio,  173 

ailica  in.  effects  of,  170 

South  Dakota,  419 

Teanesaee.  421.  422 

tensile  streogthf  122 

Texas.  427.  428.  431 

titaniam  in,  effect  of,  176 

United  States,  distribution,  177 

uses  of,  179 

Utah,  434 

vanadates  in,  67 

Virginia,  437 

Washington,  441 

West  Virginia,  445,  446 
See  also  Flint-day 
Flreproofing,  defined,  247 
Fireproofing  clay,  analyses  of,  193 

Indiana,  312 

Massachusetts,  342 

mentioned,  313,  437 

New  Jersey,  193,  364 

New  York.  376 

Ohio,  392 

physical  tests,  194 

properties  of.  192 
Fire-shrinkage,  cause  of,  129 

range  of,  129 

relation  to  texture,  131 

temperature  of,  129 
Flashing  bricks,  189 
Fhnt.  52.  261,271.275 
Flmt-clav,  Alabama,  283 

defined,  177 

Kentucky.  392 

Maryland,  385 

mentioned,  40 

Missouri,  354,  355 

Ohio.  3%.  397 

origin,  354 

I'eniiHylvania,  406 

tensile  Htrength,  122 

West  Virginia,  441,  445,  446 
Flood-plain  flays,  20 
Floor-driers,  236,  252 
Floor-tile,  classification  of,  258 

manufacture  of,  258 

mentioned.  179.  258 

properties  of,  258 

raw  materials.  261 
Florila,  ball-clay,  297 


Florida  clays  describetl,  207 

follers'  earth,  461 

references  on,  297 
Flow«r-pot     clay,     Cklifoniia,    28B.   I 

EartiuMtcare 
Floe-Iining  clay.  Ind.,  313 
Flucvine  as  kaolinizing  agent.  5 
Fluxes  defined,  59 
Folding  in  clay-deposits.  28 
Fond  du  Lac,  Wis.,  455 
Fomtdale,  Vl,  333 
Forschammer,  cited,  2 
Fort  Smith.  Ai^.  285 
Fort  Worth,  Tex.,  427 
Fox  Hills  group.  &  Dak..  389 
Fredericksburg,  Va.,  437 
Ftoetburg.  Md.,  335 
Follecs'  earth.  Arkansas.  468 

Gahfomia,  462 

defined,  460 

distnbution,  461 

Georgia  Florida  district,  461 

mining  and  uses,  466 

New  York,  462 

petrographic  characters,  461 

production,  466 

propertiee,  460 

South  Dakota,  462 

Southern  States.  462 
Fulton.  Mo..  356 
FusihiUty.  Bischors  formula,  145 

classification  based  on,  154 

complete  vitrification,  138 

Cramer's  experiments.  141 

expression  of.  145 

factors  influencing.  137 

incipient  vitrification,  138 

Ludwig's  experiments,  142 

measurement  of.  147 

oxidation,  relatitm  to.  145 

rate  of  softening,  139 

relation  to  chemical  composition. '. 
homogeneity,  144 

Richter's  experiments,  140  " 

Seger  cones.  1 48 

Seger's  formula,  146 

texture,  relation  to,  144 

viscosity,  138 

Wheeler's  formula,  146 
See  Pyromelera 
Fusibility-factor,  147 
Fusion  formation.  S.  Dak.,  419 


G 

Oabbro,  1,  400 

Gadsden  County,  Fla.,  461 

Galena- Trenton  formation,  Iowa,  318 

Galesbui^.  HI.,  304 

Gallia,  Ohio.  398 

Gallipolis,  Ohio,  398 


^r                '  ^       ^miv  ^^  1 

^^RSaniet,  bi  aourcc  of  kaolinite,  47 

Grout,  cited,  26.  102. 103. 1(H                       ^^| 

^B        meiiUoniMi,  (18,  7U.  71.  76.  83,  385 

CrovBT.  N.  C,  383                                                 ^^ 

^^B       occurreace  in  olny.  57 

Guillemin.  cited.  50                                                     1 

^BMrreU  County,  Md.,  335 

Gumbo-clay,  chomical  compositioo,  196                 ■ 

^BH-ntortH.  179,  I9ti 

Iowa,  322                                                              ■ 

^Bkjr  Head,  Ma8&.  341 

Kanwin.  327                                                  ^J 

^Bwry.  Ok  la..  400 

Mi'ttioun.                                                   ^^^1 

^^b^iJ«bt!tc<k,  K..  cited,  423 

pliyxicjil  pruperties,  196                             ^^^| 

^^Boorgia,  clay,  mincraU  in,  41 

twiailo  Btrenftth,  122                                           V 

^^1       clayH  dML'nhcd,  ^J8 

Oypaum,  decompoailjon  tempvratunt,  66        ^^J 

^^B       oottst*!  plain  claytt,  301 

eftet't  on  clay.  7H                                          ^^H 

^H       fnllen'  cnrth  in,  461 

inpnlJonp({.51t.76.7».B8,345,311».tf?    ^^1 

^V       biklloy^te  in,  4<J 

oocurrcQoe  in  clay,  56                                ^^^| 

^M         meiiltoiied,  170,  197 

^^^1 

^1          lYb-l^'ambrinn  rUys.  208 

^^^M 

^^^       rafL>rtinL*c»  on,  303 

^H 

^^demiany,  IH() 

^^^1 

^Bibhaitc.  167 

Hackenuelc,  \.  J..  19,  371                             ^^1 

^^piauial  clay,  lUt^ftOuri.  SAO 

Halcyon,  WU.,  452                                          ^^M 

^V         R)io(J«  Irtlnml,  415 

Halle.  Germany,  kaolin  at,  A                            ^^^| 

^H        Soiitli  DakotA. -C^ 

Uolloysite,  analywA  of,  49                                ^^^| 

^^^       Wsatiingtcn,  44 1 

dehydration  tomp^iraturB.  52                  ^^^| 

^^1       WiwotiHin,  4o5 

G^nrgia,  49                                                   ^^^| 

^V       Wyominft.  4A7. 

MiKAourt,  41.  49                                          '^^^| 

^B^          See  aIao  PUittoctn* 

proportios  of,  48                                       ^^^| 

^^BUs«- pot  clay,  17^* 

ttsFnrm)  to.  8.  4ti.  41.  1D7                          ^^H 

^^■iMiooiube.  analyaifl  ot.  57 

Hall  Station.  X.  C.  385                                  ^^H 

^^K      ••coloring  agent,  161 

Hamilton  shales.  345.  376.  442                        ^^H 

^H       oUys.  A7.  68,  70.  71,  A3,  427.  4.11 

Hammond,  W.  Va.,  445                                    ^^^H 

^■favi,  Brifltol.  271 

Hammliia-  County.  W.  Vn..  442                    ^^H 

^^f       porcelain.  275 

^B         poiUry,27l,2T2 

Hanovrr.  Ohin.  392                                                 ^^H 

^m       iwlt,  271 

Hardy  County,  W.  Va..  442                             ^^H 

^H^       terra-cotto,  251 

IlaffDid  (bounty,  .Md..  336,  337                        ^^H 

^Blen  Alloti.  31o..  167,  3.U 

Harriionvitic,  Pa.,  413                                            ^^^H 

^Boeiss.  27)!t,  334.  340.  434.  4S2 

Harper's  Ferry,  Va.,  434                                 ^^H 

^BolUen.  Coto..  28,  29«> 

(lauync,  as  source  of  kaoliuitc,  47                  ^^^| 

■poltiiboro.  N'.  a.  3&$ 

HaTnrhin,  Mhk^..  342                                         ^^H 

^nrabam,  Tex.,  426 

Han-ortli,  R,  ciU'd.  98,  327                              ^^H 

^HOniad  CJuIf  formation.  Ala..  2)13 

HaydcDvillc.  Ohio,  394,  39U                             ^^H 

^^br.i.n  1  .JuriL'tion.  Tcnti..  422 

Hncht,  dtcd,  148                                                ^^H 

^HDranH  Rnpidn,  Mich.,  345 

Hematite,  54,  7 1                                                  ^^H 

KDrartcl  Kapida.  Wis.,  4S2 

Henderson,  Tex..  431                                         ^^H 

^nQranitc.  changu  to  clay,  7 

Henry  County,  Mimouri,  350                            ^^^| 

^H         diMnbogration  of.  2 

Henry  County,  Tennesaeo,  423                         ^^^| 

^H^       incntioQcd,  278.  400 

Henry  County,  X'irginia,  i34                            ^^H 

^■prmnt  County.  W.  Va..  442 

Hcntfcld.  [itai,  08                                              ^^H 

^Kreat  V&lJoy,  clayn  in.  4()1.  434 

Hice,  R.  R..  cited.  407                                       ^^H 

^BDn^eti  lUy,  Win..  455 

Hioo,  Tcnn..  422                                                  ^^H 

■CreonbriiT  Counlv.  W.  Va..  442 

HightAtann,  S.  J.,  370                                      ^^H 

BCreenfonl.  Ohio.  3!45 

Hinioli.  cit(>4l,  163                                                ^^H 

^BlJrM>n  Utko  County.  Wis.,  455 

Hocking  County,  Ohio,  394,  306                      ^^H 

^■Grwiiitaud.     S«q  Glaueonttt 

Hofmau.  H.  O.,  cite<(.  1.55                                 ^^H 

^HOrceti^and.  Va.,  437 

Hollow  blorlcfi.  dcHned,  248                              ^^^H 

BOreonitboro.  N.  C.  385 

-  Hollow  brickK.  defined,  248                               ^^H 

^BCreonup  County.  Ky.,  329 

Hollow  Hock.  Tcnn.,  422                                   ^^H 

HOrmnvillo.  Tpx..  428 

Hollow  wnrr.  ad%-atita|tca  of,  251                        ^^^| 

Hfiriffin.  cited.  80 

manufacturt*  of,  'M~                                   ^^^B 

Hprimalpy.  oited.  96,  442.  445 

Hizee,  248                                                                ■ 

^HBrindinf^.  effect  on  plattticitv.  104 

Hollow-mre  clays.  304,  316.  321,  369. 407.            1 

^Brog,  132 

See  also  Firt-proofing  datf                                    '1 

^HDroM-Almerode.  180 

Holly  K|inngB,  Mijia..  352                                            M 

^H                ^^^^^f                               ^^^M 

^^M          Ho]yoke.  MA8ft.,  341 

Iowa,  Cumbrian  slialet,  316         ^^^ 

^^^H           Uomewood  tuuidatone.  West  Vlrglnin,  442 

CarboniferouB  *halee.  318             ' 

^^H           Hu|N]  fjutiou.  Pit..  404i 

clayB  dttcribed,  SIO 

^^H           Hopkin>^  T.  C,  littil,  4fi|.  402 

eoal-inoaaure  cl»y»  and  shftJea.  3Sl 

^^^H            Horahlende,  knoIinizAttiJii  of.  4 

C^taceoufl  clay».  321 

^^^^H                     uiruurrfULt;  in  vlny,  d7 

Devonian  ahnlrft.  318 

^^H                   rt-fcm-<]  to.  4],  68.  70.  71,  B3 

mentioned,  123.  127.  137.  I7« 

^^H           HoraellaviUL-,  X.  ¥.,  376 

Ordorii^'ian  days.  316 

^^H,           Hut  8(jriiigH,  K.  Dsk,  411) 

PleutiocoDo  ctays,  322 

^^^H            Holtiagcr.  A.,  cjtc^l,  81 

references  on,  322 

^^H           KouHtoii,  Tex.,  431 

Silurian  ahalea,  316 

^^H           Howard  County.  Md.,  337 

Iron  compuiindH,  cotofing  actiofi,  73 

^^^H           Howpll  (^otinty,  Md.,  354 

effect  of  reductioo  on,  75 

^^H           HiidtMin   lUvcr  slialM.  30,  342,  364,  376, 

effect  on  clay,  72 

^^H               402,  4ri2 

oxidation  of,  74 

^^M          Hudson  Valley,  19,  378.  SHI 

Iron  ore«  in  clay,  54 

^^^^1           Huitliti^ton  County,  Pa.,  402 

Iron  oxidu.  culoriuf;  action  ol,  16B,  161, 

^^^1           Huron,  Ind.,  300 

«ffoct  on  adsorption,  76 

^^H           Huron  County,  Mich,.  345 

effect  on  clay,  71                      ^^ 

^^H           Hurxjii  Hliale,  Ohio,  3^2 

fluziof;  action  of,  75                ^^H 

^^^^P             Hytiratcd  nliinninura  HiHirAtc,  4,  5 

in  re.-idual  clay,  12                 ^^H 

^^^           HydrolyeU,  2 

mentioned.  137,  198               ^^H 

H                    H)rdnuntca  slates,  as  scunxi  of  kaolin,  401 

relation  to  llashtng.  189         ^^^| 

"                      Hydrous  ailioa,  effect  on  cl&y,  70 

ipourc<«  of,                        ^^^^^M 

I 
IIHnnl^  dftys  doscribod.  303 

IronstoOQ  <^iDa,  262             ^^^^^| 

^^H 

OMl-muaitur«  ithal«K,  304 

JadoKw  Bluff.  Kla.,  297                ^H 

drifb-cliiys.  dO* 

Jackaon  County,  Ky.,  329             ^^M 

mentjoiitvd,  179,  191,  192 

Jackaon  County,  Wis..  452            ^^M 

OrJovicinii  clay»,  304 

JarkHon.  Teun..  pottery  at,  4S3    ^^H 

rt'ft'retiL-ptt  on,  307 

Jacksonville,  Fla.,  2D7                     ^^M 

Tertiary  oiays,  304 

Jamo^  Kivcr,  Va..  437                     ^^M 

IliDeiiiU^,  occurrfeiiCB  in  fiUy,  56 

Jaurhau  Fu,  kftoUn  fmm,  8          ^^| 

Impure  )iI)aI««,  MiMKouri,  propMTtiofl  of.  359 

Jetfenon  County,  Oliio.  396          ^^| 

Independence,  Ohio,  392 

Jefferaon  County,  W.  Va.,  442     ^^M 
tlennings  shale,  Maryland.  335      ^^H 

IndeiMTidenLW  limuMtoiit.  327 

Indian  Territory,  rlnys  deacribed,  315 

Jewpttville.  N.  Y..  376                   ^H 

InthMno,  CarhonifemiiH  HhaLcii.  309 

.nggorin>;.  206                                ^^H 

flays  duHcrilMHi,  ;(07 

.fohnuoti.  ciUnl,  48,  51,  97               ^^M 

conl-rncjimmti.  cUyn  and  shaloB,  311 

JnhnHon  County.  Wyo..  458         ^^H 

Dfvonian  sliahs*,  307 

JtihnHtown.  Pa.,  406                       ^^H 

indinnajte,  3(1^ 

Jollyinf;.  260                                    ^^1 

Lower  (^rbonjferoiw  «hBlea.  307 

Jofiinfptf  j  ord.  koolta  at,  3              ^^H 

monUonod,  10,').  179.  183,  192,  212 

Juniata  County.  Pa..  402               ^^H 

Onlovirian  slmlca,  307 

Junisoic,  fullera'  earth  in.  462      ^^H 

neiatoc't'ne  clays.  313 

Jura-l'Hiui.  Maryland,  330            ^^M 

irferencts*  on,  313 

^^^M 

Sihirinn  KhuU-H,  307 

^^^^^M 

Indianaitv,  anulyiicti  ol,  50 

^^H 

Indiana,  309 

origin  of,  310 

"^^^1 

propcrtioH  of.  50 

Kansas,  Carbonilerous  Aalei,  V^^J 

rrferMMl  («,  S 

clays  dcseribod.  320               |^H 

Inkey.  v..  B..  cited.  6 

CretacwHis,  3S7                     ^^H 

laterlockinR  tile.  2M 

rici((tDcen«  claya.  S27    ^^^^^| 

lota  limi<Ktnne,  Kan.,  327 

rt^fproncen  on,  327            ^^^^^| 

Tone,  Cal..  289 

Triage  clays,  327          ^^^^^| 

lonc  formation,  289 

Kaaias  Citv,  .Mo..  189            ^^^^H 

^^^^^^onia,  Mich.,  340 

Kaaai.  cilcc'l,  100                      ^^^^M 

^^^^^^^^^^^Bp       imdex 

Mitin,  ■daorptive  power,  103,  104 

Kentucky,  reference«  on.  330 

■  AUbamm.  278 

Tertiary.  329 

^  ttnalyaoi  of.  4, 168 

Kern  County.  Cal.,  fuUers'  uartb  io.  46S 

Arkaniiiw,  285 

Keypcirl,  N'.  J.,  370 

cbina,  11 

Kilns,  continuous,  239 

ohemical  compoeitjon,  167 

d«acribid,  236 

Onlomlo.  tl 

down-draft.  239 

CorawoU,  KnglADd.  5 

mentioned.  2M,  202,  208 

deRiwd,  8 

jKjIttTY,  272 

Klndvrbouic  dtnitiu.  Iowa.  318 

dehjrdr»tioii  temperature,  S2 

DeUaiire,11.290 

Kiiigmaii.  KiUL.  327 

depth  of.  6 

KingaUml,  \.  J..  364 

dehi'iitton  ol  mtnie,  8 

Ki]i^-t4>-cliin.  pomJain  of,  8 

di»tribation  of,  1(17 

Kiiigwood,  W.  Vft,,  440 

European,  nuuruot  of.  lfV> 

Kinkom,  N.  J..  370 

mroetrin.  57 
Hallei,  Oormuiy.  0 

Kittanning,  I*a..  400 

Kiltanning  i-layN.  \V.  Vu.,  445 

impuritieB  in,  107 
ladi&iia.  309 

Kniglit.  VV.  C.  cited,  V>' 

KnuUttoiu'  slialcH.  Indiana,  307 

Johrt-4un  and  lake's  deBoilion,  48 

Knop.  cited,  50 

Marjlan*].  334 

Knox  dolomite,  Tenneasee,  421 

llu-Acbtuott^,  340 

Kohler.  citc<l.  164 

menUoitotl,  U.  83,  B4,  100,  108,  214, 

Koninck.  c-ited,  AO 

251.271.  21>8,  400 

Kovar,  cited.  83 

North  Carolina,  «,  167,  3^5 

KreiufherWIle.  N'.  Y-,  378 

OkUliomn  Territory.  400 

Kummcr,  Woith.,  441 

ori^n  of,  165 

t*eDn:sylvaiiiA,  6.  401 

phydcal  lr»in  of,  l(i7 

L 

refractorinc»«  of,  47 

SL  Anatvll,  EofElnnd.  AnHlynis  mi,  R 

Labradorite,  kaoh'oization  of,  4 

8t  Yricux,  Krnnoc,  nnftlji'sis  of,  11 

Lu4:ka(va(inii  County,  I'u.,  402 

South  Dakota.  419 

L»CV(ww,  \Viii.,4.'>6 

Teoneswe.  421 

L&custrino  olayii.  Wisconsin,  455 

tamOe  strvngth,  122 

Lodd.  <!.  R.  cited.  24,  41.  103.  105 

TeiaB,  40.  SO,  426 

l-ufnyette  tuimlit.  Tenn.,  4'iS 

tounnaliao  in,  A7 

Lagatu,  cited.  41 

mm  of,  108 

Lu  Jutitu,  Colo.,  290 

Utah.  434 

l^ke  pt;iyM,  30 

Vermont,  333 

Lake  County,  Ind.,  313 

Vinpnia.  167.  434 

Lampaaart  County,  Tex.,  426 

Zottlitz.  Boht'tnia,  0 

I^ntantcr.  N.  W',  378 

KjioIiD-beds,  w>-eallp<l.  Xew  Jemey,  389 

lAngcobcok,  cited,  105 

Kaolinite,  do  fined.  S 

LaporU'  County,  Ind.,  313 

described.  42 

l.iu-ninto  County,  VVyo.,  4->8 

JohMon  and  Riake'ti  detinitinn,  48 

LAramio  clays.  Xortli  Dakota,  389 

meationad.  3.  40,  41,  50.  61,  60,    08. 

South  UiLkotn.4l9 

136.  167, 170 

Laredo.  Tfx.  428.431 

mincraU  yielding,  47 

1,08  Vegas.  S.  Mex.,  373 

Mi-uouri.  35i> 

Lawrenc*  Couuly,  Ind.,  .50.  309 

EUolinixation  by  pneuiiiftt*>ly«ta,  5 

LAWit-nce  County.  Ky..  329 

dednrd,  3 

Lftwrcnc*  County.  Mo..  3.">4 

shrinkage  ncrompanving.  47 

lAWTvnce  (bounty,  Ohio,  396 

fCooliii  mining,  2(Jd.  210.  21 1 

Lftwrenr-e  County,  Pa..  405 

ECauIiriK,  8 

I.AnTen(v  shaloa.  327 

fCenfulAUnd,  Mass..  340 

t^ad.  S.  Djik..  430 

ECentucky.  Ctitrbonifproiiit  playH,  328 

r,*»ad  tiattfi.  ftflflorption  by  clay,  163 

clayn  dtfloribed.  .32S 

l^ftky,  Tex..  60.  426 

Devmiiin  clityft.  328 

Le  Chatelier,  H.,  ritec],  4S,  51.  58 

mentioned.  I6»,  178,  179 

l.-«U  cUyM.  41 

Ordnrtdan  cUva.  3-3* 

Lchi.  rtAh.  434 

Pleistocene  t-tn,va.  320 

Loon  C.oiinly.  Fla.,  461                                                     J 

Jl 

^^^^^^^^H 

Lepitiolitet,  occurrence  ia  cUy,  64 

LovbT  Mercer  clay,  Ohio,  3tf3(  31H J 

solubility  of,  '2 

iron  ore.  Ohio,  393                    ^^H 

Lesquereaux,  cited.  310 

limestone,  Ohio.  3^3                 ^^M 

Leuoite,  aa  iiourco  of  kaoliaile»  47 

Lower    I'rotluctiTc    Mewum.    S^^| 

solubility  of,  2 

ghcni/  scriea                                        ^^H 

Leucoxene,  56 

Liicaa,  cited,  KKI                                ^^M 

L-giiite,  3H9 

Ludwi)!,  cittHi,  142                             ^^H 

with  tire-clny,  S.  Dak.,  419 

Lunette  pyrometer,  153                   ^^H 
LuMrno  Coun^,  Pa.,  4(lfi               ^^M 

Li^nitic  clnyB,  Tex.,  428 

Lime,  adrtorution  by  clay,  103 

^^^^H 

^^^L                M  cotonng  ftgcnt,  1»0,  162 

^^^^^1 

^^^H               detemunatioD  of,  (i5 

^^^H 

^^^^                eSect  on  dnya.  70 

^^^^^1 

^^^H                effpct  on  iron  caloration,  73 

McCoaoellHvUlc,  N.  Y..  460     ^^^H 

^^^"                  gource  of.  in  clfty.  VC 

MoKean  Coanty.  Pa..  402        ^^^^ 

F                   lime  carboiinU*.  bloacliiiig  effect,  77 

Mt.  Savage  fire-clay.  (VDDAylvaai(^  105  1 

■                           de<!Ar  bo  nation  i4'mperntur«,  70 

>VeBt  Virmiiia.  442                     ^i 
&lt.  Savsgo,  Storyland.  335             ^H 

effect  OQ  clfty,  70 

relation  to  vitrificftlion,  77 

Mackenzie.  Tcan.,  422                      ^^M 

Lime  «ilirate»,  effect  on  clay,  7S 

Alackler.  citrd.  80,  91                        ^H 

Limcatone.  altcratioo  to  clay,  7 

Macon,  (:«.,  301                                     ^H 

ju  Mourre  of  kaoHn,  1&5 

Magneiia,  (Ictcrtuination  of,  6S 

Limonite.  mentioned,  41,  71,  103,  203 

eflect  on  clay,  80.  81 

occurrence  in  clay,  54 

SUckier's  experimonta  with.  90 

Vermont,  333 

Magnesite,  Occum>nce  in  clay,  57 

Lincoln,  Cal.,  289 

Magnesium,  nd-fnrption  of,  t>ycUy,  163 

Ltncolnton.  N.  C.  385 

Magnetite.  41,  55,  71 

Lincler,  cited,  9^ 

Mafioning  natjdHtone,  West  VirgitiM,4t< 

Linclgren,  cite<),  6,  '2HIS 

Maine,  c-Uvh  denrribed.  333               SH 

Unn  County,  lonii.  318 

Mnjolica,  doHnod,  202                       ^^M 

LitUi-  FalLi  Station.  Wash..  441 

Malakoff.  Tex.,  431                               ^H 

Little  Rork,  Ark.,  285 

Maliharitc,  4tUt,  401                             ^H 

Littoral  cUyB.  2o 

Manuanc^.  in  clay.  58,  108             ^^| 
Veriiioni,  333                             ^^M 

Llny^i,  Tpx..  427 

Loeis,  iLnaly^uu  of,  187 

Manj^nm,  Okla.,  4W                           ^H 

diatri button,  ISO 

Manitowoc  County.  Win..  455         ^^M 

[owa,322 

MariHfteld  aandstone.  3(19.  311         ^^M 

mention*'!!.  ISrt.  304 

Manufa<!tiire  of,  bricks,  218            ^^| 

Missouri.  3(k> 

conduita.  251                           ^^M 

Nebra-skii,  3(13 

(Jntin-lile,  247                      ^^^H 

temfile  t(trengtH„  122 

fire-brick.                         ^^^H 

Wisconsin.  45(1 

floor-tile.                             ^^^^H 

Wynining,  4.'37 

warp,  247                 ^^^^^| 

Logan  Hhalc,  Ohio.  392 

pottery.  202                       ^^^^^| 

Log'Waahcr.  162 

tonfiiifi-tile,  254                 ^^^^^H 

Long  Inland,  N.  Y.,  37S 

sewer- pipe,  240                 ^^^^^H 

Lorraine  shale,  Ohio,  391 

terra-cotta.  2.W                  ^^^^H 

Los  Angelc«,  Col.,  289 

Maple  Shade,  N.  J.,  370                    ^H 

Ixiuiniana,  clayH  cleNcribeH,  331 

Maquoketa  Bhale,  310                          ^^ 

rcfercncee  on.  332 

Marathou  County,  W'ia..  452                    ' 

Ixiwer  Barren  Moonurw.     See  Conemaugh 

Marble,  adaorptive  jriower  uf  groundi  id 
Marine  beds,  T^xw,  431                        1 

»rrUjl 

Lower  Carboniferotia,  Missouri,  355 

?klarine  clays,  19                                 ^^fl 

Ohio,  3112,  3C4 

Marion  County.  Tenn.,  421              ^^H 

Wcflt  Virginia.  442 

Marly  cUy».  Indiana,  313         ^^^^M 

Lower  Cretaceoufl,  New  Jersey,  360 

Texsa.  427                          ^^^H 

Tbiiir.420 

Marauctte,  Mich.,  340              |^^^^| 
Mar»nall  clays.  Michigan.  34JS^^^^^| 

Lower  Frpcpnrt  clay.  Ohio.  394,  397 

Pennpyirania,  +(.ltl 

.ManihaLI  County.  Mi^u*..  352            ^H 

Lowt^r  Kittanniiij^  oinv,  Ohio,  394,  395 

MarthaV  Vineyard.  Mm^h..  341        ^^1 

Pennrtvlvanirt.  41)fl.  407 

Martin  County.  Iiid..  309                         J 

M|^^               Wc6t  Virginia,  445 

Murtinaburg  Hhalc,  West  \nrginiA»4^U 

■                                                        INDEX                                                      4S1       ^U 

KtinBTille,  Ind.  309 

Mictitgaa,  Siloriaa  shales.  342                             ^^M 

BgrUnd,  AlgonkUn  dajB,  334 

)lichigan  ihaic  foroiatioo.  345                               ^^H 

K^Aruntk-l  cla>-H,  337 

>Ui:ru(;hiw,  adsurptivu  powr  of.  164                     ^^H 

H  CarboDifaroas  ahslm.  335 

aa  source  of  koolinite.  47                              ^^M 

■  clays  described.  3M 

Middle  iUtUiuiiuic  day.  Ohio.  394,  397              ^H 

P  OraUceous  cUjrs,  336 

faoDgylTania,  407                                   ^^^^^M 
West  VirgiQin.  445                               ^^^^1 

■UitoofUte  ill,  HI 
Jiin-TriM  days,  336 

Middletown.  Conii..  295                                  ^^^^1 

MilKnl  CouDtT.  tub,  434                             ^^^^| 

awaUoDcd.  &»,  101, 178, 179*  101,  lOB, 

Milldale.  Cona.,  295                                         ^^^^1 

ft       312 

P    pKUpaco  cUyo,  337 

JdiUeniburK.  Ohio.  394                                    ^^^H 

Uilbap,  Tcs.,  426                                            ^^^H 

PloMtocfliic  cU>-ft.  337 

MillnUe,  N.  J.,  371                                      ^^^H 

RunUti  cU^Ttt,  337 

Mineral  County,  W.  Va.,  442                        ^^^^H 

referrQoca  on,  339 

Minerals  in  day,  40                                         ^^^^^^| 

Siluriiui  Khalcs.  334 

Mitigo  day.  Ohio.  394                                     ^^^^1 

Tertiary  cUys.  337 

Mingo  County,  W.  Va..  446                            ^^^^| 

taaBaohuactu,  ctays  dfwribed,  340 

Hinug  da^,  2l»5                                            ^^^H 

CrctaccouB  utd  Tertiary  clays,  341 

MioaeapoUa,  Minn..  361                                ^^^^H 

kaolinn,  340 

Minnckata,  S.  Dak.,  fullers'  earth  at,  463            ^^M 

PloiHtocene  cIaja.  341 

Minnesota,  days  deacribed,  MH                           ^^M 

refarencca  on,  348 

OeUoeout  dayi,  348                                      ^| 

Cuoa  City.  lova,  318 

OidoridaD  clays,  348                                           J 

itaoDtown,  W.  W,  446 

Fleistooone  olaya,  351                            ^^^^H 

■KKuIlon  Mincbtonc.  Ofajo,  393 

Pre-Qambriaxi  days,  348                       fl^^^l 

btaVAO.  ?f.  J.,  370 

rsfcreDoes  on,  951                                  ^^^^^^^| 

C&tewan  formation.  336 

rcmdual  days,  848                                    ^^^^H 

tUooh  Chtiolt  alulc  335.  402.  442 

MiaonvUle.  Neb.,  363                                  ^^^H 

iCaiTille  limnttone,  day  in,  393 

Miiint.  N.  Dak..  390                                             ^^^H 

kUynutlTilltN  TcntL.  423 

Miocene  claya,  83,  437                                     ^^^^H 

ifftj^B  Luiding,  N.  J^  371 

MiaaJwippi  daya,  dracribed,  362                   ^^^^^| 

AeiocA.  Ind..  313 

rsfmDrtw  on.  352                                        ^^^^^| 

Itochaiuoal  aD&tyaia,  Beaker  method,  110 

Miasi«ppian.  354                                             ^^^^^| 

oentrifnnl  method,  115 
deaoribed,  106 

MiMioun,  ball-clays.  355                                  ^^^^^H 

clays  doicribed,  352                                 ^^^^| 

Hilgard  method,  lU 

Ooal-HMHoro  clay«,  366                                  ^^| 

Iowa  daya.  127 

fite-eUys.356                                         ^^^M 

New  Jersey  days,  123 

flint'daya.  40.  354                                    ^^^^M 

rcHi-iuoI  days.  14 

balloyaite.  41.  49                                      ^^^^1 

Scho«iie'H  method,  113 

kaohns.  354                                                ^^^^| 

lied  ford.  MaM..  341 

mentioned.    122.    137,   167.   169,   ITS.         ^H 

iledina  dhalo.  37U.  442 

179.  im>.  181.  183,  212                         ^^^M 

►loigH  f'oiinty.  Ohio.  308 

Falawcotc  limestone  clays,  364               ^^^^H 

d*llor.  J.  W..  cittd.  103 

photerite,  51                                            ^^^^| 
fleistooeno  claya.  360                                      ^^M 

IPDomonie.  Wk.,  456 
bnxT  riay.  Pa.,  402 

iBfe«gm»i  on.  36U                                             ^^| 

fiercer  Connty.  Pa.;  405 

Btonewarc-dava.  356.  SSO 

fferiU,  a  P..  dtcd.  41.  40. 12S,  461 

Tertiary  daya,  360 

rIonlUn,  Win..  452 

MtBton.  Miwt.  352 

ilertitown.  Pa..  401 

MoeadoTp.  ()hio.  potteries.  394 

Molding  pottery.  206 

Ifmnzoic.  02.  -285 

leta-aedimentary  days.  25 

.Moiikton.  Vl.  333 

iezico.  Ha.  356 

Monmouth  formation.  336 

fica.  orriinrencc  in  clay,  53 

Monongalwl*  twrie*.  Ohio.  398 

compar«l  witli  kaulin,  47 

WiMt  Virginia,  446                                     ^^^^ 

mcntionrd.  2.  68.  70,  210.  365 

Monroe  (V>unly,  Ohio,  39K                              ^^^^H 

rlj<ihij;an,  CarlKiiiifpmuH  ahalea,  34£ 

Mnnme  County,  W.  Va.,  442                         ^^^^H 

dayi  deacribed.  342 

Montague.  Tex..  426                                        ^^^^| 

DttTODian  ahalcs.  345 

.Monteziima,  Tnr)..  3I3                                      ^^^^^| 

inentloiied.  M.  7A,  179 

Mont^nmery  County.  Tom,  321                    ^^^^^| 

Plehbtrttna  346 

.Mont  rn  drill  mi  ite.  51.  52                                       ^^^^^| 

.Muraine  cUys.  346.  378                                  ^^^^H 

t                        1 

1 

^^r      482              ^H^^P                                                          ^1 

^^^H         Morgan  County,  Mo..  354 
^^H         Uorgaubown,  N.  C  38« 

New  Yorit,  clays  mentiooed.  38L  50^  1 

191,  192                                      1 

^^^1          MorgonlDwn.  W.  Vb..  44d 

Paleozoic  Bbaloe,  375                      J 

^^^H          Morriaton-ii,  Tenn.,  423 

Pleistocene  i'lay,  378               ^^J 

^^B          Mound  City.  IIL,  3(4 

tvfeivuccM  on,  382                    ^^| 

^^M          MuuQ^lsville,  W.  Va.,  446 

rcstdunl  claya.  375                   ^^| 

^^H           Mount  Hully.  X.  C.  38^) 

Tertiary  cla)%  378                   ^^M 

^^H           Mount  Savage  cky,  Ohio,  303,  394 

NiaKura  ahalc,  N.  Y.,  376               ^^M 

^^H           MoxahHla,  Oliiu,  .197 

Niobrara  fortuatioD,  N.  Dak..  SftQ        1 

^^^H          Musconte.  fluitnf;  action  of.  83 

Norfolk,  Va.,  437                                   1 

^^H                   mciitioneil.  2,  41.  83.  130.  167 

North  Carolina,  clays  described,  382      | 

^^^^B                   oociLrrpQce  in  clay,  M 

f  ullen'  e>arth  iu.  402                        J 

^^^H                 solubility  of,  2 

kaolins,  385                                 ^m 

^^H           Muskingum  County,  Ohio,  31H.  395,  396 

mentioned.  6,  57,  60,  107         ^H 

rofcrrnccs  on.  3ft8                      ^^M 

re«idaa1  claycs  385                     ^^M 

^^m 

sediincQ  t&ry  cUya,  385              <^V 

North  Dakota,  clays  deecribed,  380       1 

^^^V           KacoK<JooUee.  Tex.,  431 

Cret*ccous  clayti,  389                 ^J 

V                   Nocrite,  defined,  fil 

Lantuiie  claya,  3S0                   ^^H 

V                   Nft^cli,  cited,  9& 

PleiBtocene  clays,  390      ^^^^| 

Nuntuoket,  ilaes.,  341 

reforcDccd  ou.  300            ^^^^^M 

Niirri^{»iuiott  Hay,  R.  ].,  415 

Tertiary  cld>tt.  389          ^^^H 
Northeast,  Md..  334               ^^^H 

Nfttrona  C'oimty,  Wyo.,  458 

XcliruttkiL,  Carbouiferouti  clajfi,  362 

Nortbport,  X.  Y.,  181            ^^^^M 

clnys  dvHcribccl,  303 

^^^^^H 

CrotAccouis  clays,  363 

^^^^^1 

loow,  3(13 

^^H 

reforencm  oti.  364 

^^^^^H 

Nebraska  City,  KcK,  362 

Oahfield.  Wis..  455               ^^^1 

Nuoporif.  289 

Oak  Bill.  Ohio,  397                 ^^^H 

Nophplinitc,  an  eourco  of  kaolinite,  47 

Oak  Uvel,  Va..  107                  ^^^H 

Doiiihiljty  ci,  2 

Oaxanno,  Ala.,  283                  ^^^^H 

Nrw  AlUiiiy,  Jrid.,  309 

Ochor,  198                                     ^^^H 

Newark.  Ohio,  392 

Oclemhoinier,  cited,  35            ^^^^^H 

New  Itodtou.  Toi.,  428 

Ohio,  Allegheny  soricA  clays,  SM   ^H 

New  Urinbtoii.  Pa.,  407 

Brookville  clay.  3iW          ^^^M 

New  llrighton  clay,  407 

claya  dwcriheil.  390  ^^^^^^H 

New  Cumberland,' W.  Va.,  445.  446 

Coal-meaaure  clojK  '^'^^Hl^^l 

Newell.  155 

Conemaugb  eeriee  clays,  HB^^H 

New  Hampshire,  cla},*!*  dmcribed.  333 

Devonian  shales.  392              ^H 

New  Jersey.  Cambrian  cla>*s.  3U4 

Dunkftfd  6eric«.  308                    ^^ 

rinj-s  d««frib«l,  .1W 

ferriteroiis  limtfatone  clay.  396        ' 

CrPtaceotm  clnya.  3M 

LowiT  Cnrboniferoun  elaj's,  392     1 

glHUconito  in.  57 

Lower  Freeport  clay.  397                1 

jnnntionwl.  3U,  55,  SI,  123,  I2S,  137, 

Lower  Kittannitiff  r)ny.  395           1 
Lower  .Mercer  rUv.  394 

100.   174.   179.  181,    183.   188,  102, 

196.  2ft'> 

mentioned.  84.  178.  179.  191.  Itt 

jholerite  in  fire-L-Iay»  of,  51 
?le»toc*re  clnys.  371 

Middle  KittAnniug  clay,  397 

KfoDougabela  Meriea,  398 

Opdftvician  shfllc*,  364 

Mount  Snvape  clay,  394          ^^H 

rpfprenciw  oh,  373 

Ordovii-i&u.  3M)                        ^^M 

Tcrtiarj-  rlays.  370 

v\i-inu«t3iie,  nm                 ^^M 

Triftiwir  HhaJM.  atW 

Pottftrille  Herics,  393                ^^| 

New  I^exington,  Ohio,  395 

Putnaui  Hill  clay,  394             ^H 

New  Meiioo.  clays  of.  373 

(jtiakertonn  HhaJe.  ;W3            ^^M 

Newton  Comity.  Ind..  313 

references  on.  390              ^^^^H 

Newtonit*.  pmijorliew  of,  51 

Slmrnii  shales,  393           ^^^^^| 

New  rim.  Minn..  :i5\ 

Silurian,  390                   ..S^^H 

^^^^^^_    New  York,  clays  dcw^rihed,  375 

Upper  FrBpjiort  clay.  3ffT^^^^H 

^^^^^^^^         Cretiu-enuH  rlay^,  37S 

Upper  Mercer  ctayD.  31*4          ^^M 

^^^^^^^fe         fallen'  rnrth 

Ohio  RtPor  region.  Pa'.,  407,  408.  ^^M 

^^m               ^^Kf      i^^DEx                                   M 

)hio  ftbale.  Ohio.  30-2 

Pftving-farick  clays,  MiMouri,  369              J 

MtlHboma  cIajk  (leKiibcd,  400 

Ni<hrH.>4kfL.  3iU                                 ^h| 

Mcbn^raky.  dted.  07.  V8.  101 

New  York,  370.  37S                       ^H 

Met&agy  Auale,  Ohio.  392 

Oluo.  302.  303.  307.  308                ^^ 

Wgooeiie,  fullcn'  c«rtli  in,  402 

Pmmylvania.  402,  407,  413                 | 

DlJBDcUae.  uotubitity  of.  2 

properties  of.  101                                    I 

)live  Hill,  Ky..  32© 

Texa%  420.  42T.  431                              1 

!>nUiniii,  Medina  bn<-k  sliate  iti,  Z'd 

Virginia,  437                                           1 

>oUte.  OkU..  31ti 

\\'e»t  Virttiiiia,  44^.  440                        1 

>pea  yiiriJH-  dcscriWd,  232 

W'iitcoatin.  4o2                                        1 

Jrdoviciwi  rlny*.  Kenhirky,  328 

Peaoeburfih.  .AU.,  2K3                                     ' 

luHlL.  31<^ 

Pegmatite,  as  soimv  uf  knuUii,  105,  402 

linic«toiie  rciiiduals,  452 

referrvd  to,  11.  340.  3^5 

Blinnftiota,  343 
Mti^ouri.35o 

Pcmm.  Ala.,  2>t3 
Pdoffic  clays,  25 
Pembina.  N.  l)*k..  380 

Otiio,  31N> 

Wiw  jiisin,  462 

Pvudleton  County.  \V.  Va.,  442 

Dread  limwtoiie.  327 

Feniutytvauia.  Alleglioiiy  wrtcM  clayB,  401 

>«  Hill,  Pa..  401 

Alton  (iri'-clny.  4*.>2 

^rthoclue.  41.83 

Brookville  clay.  4(»5 

■d^urptive  pomn,  104 

cUys  diiatribcd,  4t>l                                  J 

a<t  vmrce  of  knoliiiiw,  47 

Dnrltnjstnri  ilny,  4<>7                          ^^Jl 

cflect  of  fluorine  on,  5 

I>cvoniau  slinln*.  4l)2                     ^^| 

kAoliiiu-.AUuu  of,  3 

Carbuiiilrrous  rJiiyit,  402               ^^H 

roacUon  with  water.  3 

nurion  clay,  4iiO                                    ■! 

aolubJUty  of,  2 

Couemnu^li  tK-riva  clan's,  411 

Ortori.  K.,  cilcd.  73.  80. 1)7.  ISO,  392 

ftrrrifuruud  coal  uiidor-clay,  4(M 

Orton.  Jr..  K..  litwi.  23.  2(1,  123,  124,  392 

kaolin,  6 

Otigood  nhtiiv,  Oliio,  301 

LoHx^r  Bnrrt'ii  Mviuttinvt.  411 

l>iii«cliitn  Comitv.  Ark..  285 

Ijowcr  FrocpurtcJiiy.  4(W 

OwonCountv,  ImL.  300 
Owoaso,  Biicu.,  345 

Lower  Kittminiiit;  iliy,  400          _^^ 

Mount  Saviici^  tire-clny,  40G          ^^M 
Mervwr  Bra-clsy,  402                       ^H 

Middle  Kittaniiing  v\ny,  407                 ^ 

P 

JVloitotignlicla  iwriiw  vlaya,  413        J 

I'lmrtttKX'ia*  clays,  413                     ^^M 

Paint-cUy,  Bli88ouri,  3.'>4 

Pott«%-illL>  <^t'iyH,  41)2                       ^H 

propertieg  of.  IW* 
Pfttsozoic  cUyH,  GooTfrta,  293 

rcfyrtim'ca  nn,  414                           ^^n 

raforrcl  to.  3M,  M,  I7H,  170.  180^  ItO, 

New  Vorii.  375 

11)1,  102,  niH,2l2 

PteUet-ilrieM,  deseribci  23'^ 

rwidual  flayw,  401 

referred  to.  247.  251 

Sharon  upper  coal  firo-oky,  406      ^^ 

.SiUiriar  Hliitlm,  402                             ^^^ 

Paper  clkyn.  MiiMOuri,  354 

Peiuuyivania,  4'-U 

L'pjKT  CuaUnuMwnnw.  413              ^^J 

pnpertiea,  107 

I'pper  Frfwpurt  clay.  411 

•ourooB,  107 

rpptT  KitUnninjj  rUy.  407 

South  CaroUnA,  414 

PumiHVlvania  fUyn,  Indian  Territory,  3iri 

Vprmoiil,  3:i3 

Oklaboiiia.  400 

Paris.  Tex.,  427 

IVnn  Van.  \,  Y..  370 

Parkenhurj;,  W.  Vft..  +40 
Parkvillis  Pa.,  4f>6 

fViiroAc.  cited.  0 

P^rmcaliility  uf  rlny.  lAl 

Parrot  River.  Emztnnd,  HW 

Pttrniian  cUva.  tridinn  Territory.  SIS 

P»tip*co,  Md..  .137 

Nebrulia.  3A2 

PaLrink  County.  Vo.,  434 

Oklahoma.  40'l 

Patuser.U  Md..  334t 

Wnat  Virfiiniii,  440 

Pavinft -hrirk  cUvk,  >M)mpo«tianof.  191,  102 

Perry  C<nnitv.  Oliiu.  SOfl 

Indiana.  312. 313 

IVrry  Cnntv.  IV,  4ftt 
Perth  ArnlMiv.  N*.  J.,  200 

Iowa.  192.321 

Katw^t,  336 

Ptru.  Neb.  »« 

Kentucky,  32B 
Vvyland,  335 

Pbtcnil'unt.  Vn.,  4.r/ 

Petun-tae.  II                                               ^H 

HkUgu.  343 

PbeDotjAlh^V-ln.  2                                 ^H 
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FhilwietphU' IV  413 
FUogoptte,  flolabilitjr  €4,  2 
noleriu,  in  be-ciajB.  51 

in  Wiannnri  cUja,  51,  355 

fKopertitaai,  30 

ntemd  xo,  40,  1ST 
FhjacftJ  properties  ai  cUj.  M 
FliTwa]  tcsu  of  cUys.  Ahbama.  2ft< 

Georgia,  30O 

Mar^aad.339 

Mich^an,  347 

MMoiih.361 

N'«w  Jeney,  374 

New  York.  381 

North  Carolina,  387 

Texas.  431 

Virgiiiia,  438 

West  Virginia,  450 
FiedmoDt.  W.  Va..  445 
Piedmont  region,  residiia]  days  c4,  12 
Fierrc  shaln,  North  Dakota,  389 

SoDth  Dakota,  419 
FSke  County,  Ark.,  285 
Fine  Grove,  Fk.,  402 
Finkerton  Point.  Pk.,  406 
Pinaon.  Tenn.,  422 
Bpe-clay,  defined.  196 
Pipe-pren.  described,  240 
Pittabnrg,  Kan.,  326 
FitteboTg,  Pa.,  ahalee  at,  411 
Pittaborg  coaU  clay  parting  in,  413 

referred  to,  398.  411.  446 
Flogioclase,  as  source  of  kaolinite,  3»  47 

mentioned.  41 
Plasticity,  ball  theory  of,  99 

cause  of,  96 

colloid  theory  of,  99 

defined,  94 

effect  of  bacteria  on.  104 

effect  of  weathering  on,  104 

molecular  attraction  theory  of,  103 

plate  theory  of,  97 

relation  to  (ensile  strength,  120 

texture  theory  of.  96 

water  nerestjary  for  developing,  95 

watcr-of-hvd  ration  theory,  96 
Platteville.  Wis..  455,  456 
llcistooenc  clayn.  Alabama,  283 

(>)lorado,  290 

Connecticut.  295 

Indiana.  313 

Iowa,  322 

Kansas.  327 

Marvlaiid,  337 

mentionoii.  52,  58,  185,  192,  285,  295 

Michigan,  346 

Minnesota.  351 

Mi-wisjiippi,  352 

Missouri,  3(M) 

New  .Jersey,  371 

New  York.  378 

North  Dakota.  390 


Flewtoccne  claya,  Ohio.  398 

Pennsytrania.  413 

South  Dakota.  419 

Texas,  431 

West  Virginia,  437,  449 

W  isconsin,  465 
Pleistocene  fullers'  earth.  465 
Plymouth.  \  t..  333 
Plymouth  County.  Iowa,  321 
Pocahontas  County.  W.  \  a..  4^ 
Ptrfuhiog  clay.  199 
Pomooa.  N.  C,  385 
Porcelain,  booe.  defir>ed,  272 

electrical,  275 

manu&uitare  of.  271 

spar,  defined,  272 
Pfxceiain-clay.     bee  Kaolin 
Porosity,  discussion  of,  134 

formula  for  calculating  136 

of  Iowa  claya,  135 

practical  bearing  of,  135 
Portage  County,  OhK>,  394 
Portage  County,  W  is.,  452 
Portage  shale.  New  York,  376 
Porter  County.  Ind.,  313 
Fort  Huron,  Mich..  346 
Portland-cement  clay,  aoalyses,  198 

[Rvperties  of,  198 
P(Ml  Murray,  N.  J.,  364 
Pbrtsmonth,  Ohio,  392 
Potash,  in  clay.  82 
Pot-day,  196,  214 
Potomac  clays,  296,  336,  352.  415 
Potsdam,  residual  clay  from.  12 
Potsdam  sandstone.  M  isccnsiu,  452 
Potsdam  shales,  \\  isconsin,  452 
Pottery,  bath-tubs,  276 

china,  defined,  262 

classification,  262 

common  earthenware,  defined,  262 

G  C.  ware,  defined,  262 

fayence,  defined,  262 

ironstone  china,  262 

majolica,  defined,  262 

Kockiogham  ware,  defined,  262 

sanitary  ware,  276 

semi- porcelain,  262 

semi -vitreous  ware,  2f2 

stoneware,  defined,  262 

wash-tubs,  276 

white  granite  ware,  defined,  262 

white  ware.  262 

yellow  ware,  defined,  262 
Pottery  clavs,  California,  289 

Illinois,  304 

Kentucky,  328 

Maryland,  337 

Massachusetts,  341 

Xebrajika.  363 

Ohio.  394,  396,  396 

Pennsylvania,  406,  407 

South  Dakota,  419 
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4H5        ^1 

tUtacy  oUys.  TmceBsee.  421.  423 

Quaternary.     See  Pleutcttnt 

^1 

lensil»  HlrengUi  of.  122 

futlent'  (>arlh  in.  44t2 

^^^H 

»         TftXM.  426 

Queen's  Kim.  Pa..  406 

^^^1 

^L     See  also  Siam^wart,  baO-eUi^  and 

^^^1 

■         KaaliH 

^^^1 

Rnery  nmnQfKcturc.  203 

R 

^^^1 

Poturilte.  Md..  33.* 

^^^1 

Potwrille.  Ph..  4i,ti 

Racine,  ^"ul.  455 

^^^1 

Potuiilk*  seric*.  I'cDiuytr&iua.  393 

Ralrigti  Coonty.  W.  Va.,  440 

^^^1 

Woit  Vii^nia,  442 

Rancocaa  formation.  Md.,  33t) 

^^^1 

Pre-Gainbri»n  obiys,  rmidual,  12 

Randolph  County.  W.  Va..  442 

^^H 

G(!urK>a,  298 

RaiuoiiM%  F.  L.  L-itcd.  6,  280 

^^^1 

MinnewU,34S 

Rapid  City,  &  Dak.,  419.  420 

^^^1 

TenneaMe,  421 

Ran  elemratB  io  cUv,  SA 

^^^1 

Wiaconain.  452 

Raritan  formation.  Maryland.  330 

^^^1 

Pnaed-brick  cUys.  Indians,  312 

New  Jersey,  3fltJ 

^^^1 

lowii.  321 

Ralinnol     analynis.     com[mnsl    vitli 

^^H 

KnnMiw«.  32<^ 

male  anAl>'BiB.  82 

^^^1 

Maryland.  337 

dcncribed,  01 

^^^1 

Manaohusetta.  342 

method  vl  making,  00 

^^^1 

ICiuiBsota,  348 

Reading.  Pa..  402 

^^^1 

New  York.  376 

Reoturite.  properties  of.  51 

^^^1 

Ohio.  3»2.  395 

Red  Oak.  Iowa.  .321 

^^H 

IVnti»vlvania.  406 

Red  Monntatu.  Colu..  kaolinitc  cryBtaU.  42            ^^^| 

Tes«*.'  42tt.  428 

Red  Wing,  .Minn..  34A 

^^^H 

Wiaooiuiiu,  45ti 

ReedsvUle.  W.  Va..  440 

^^^1 

heuios.  2tie 

Re-prctsiiug  proctss,  232 

-  ^^^1 

pTMton  County.  Virginia.  442 

R«aidtuil  claya,  aoalymM  of.  13 

^^^H 

PlJRoe  Qeorgp  County,  Md.,  330,  337 

Appalachian  legivn,  12 

^^^H 

hinoetoD,  Hinn.,  351 

Califoniia,  2S0 

^^^1 

Prorhlorite.  41 

color  of,  12 

^^^1 

Proascr.  cit«d.  327.  31»2 

Cbnnocticut.  293 

^^^1 

Pug-mill,  deftcribed.  220 

defined.  7 

^^^1 

mentioned!,  24<i,  247,  252, 267. 265. 20fi 

depth  of.  12 

^^^1 

Pula»ki  OouDty.  Ark..  28o 

distribution  of,  IS 

^^^1 

Poluki  Countv,  IIL.  3U4 

fonu  of  deposit.  1 1 

^^^1 

PoImU  CoiintV,  Ky..  329 
Putimm  Hill  clay.  Ohio,  394 

from  eramte,  7 
from  Umeetone,  7 

^^^1 

^^^1 

Pyenonifltw,  137 

from  pegmadtc  veins,  11 

^^^1 

Pyrite,  mentioned. 34.  71. 193,  311.  389,  427 

fleorgia.296 

^^^1 

ooourreiice  in  clay.  oR 

Indiana,  307 

^^^1 

temperatiirf^  nf  dfwiilphumaUon.  74 

Maryland,  334,  335 

^^^1 

weatbering  of.  ^f> 

MaaBachnaettB.  340 

^^^1 

j^^rometer.  Lunette.  liVt 

mechanical  analywH,  14 

^^H 

Sogier  conen.  I4tl 

Minnennta,  ."HA 

^^^H 

thermo-crltflric.  IHS 

Alifeoiiri.  354 

^^^1 

Wedaewood.  IM 

New  Jersey,  304 

^^H 

P;^t>phvlut«,  dohydrAlion  tetnpcraturo,  52 

New  York,  375 

^^^1 

mcntiondl,  51,  OS 

North  CAroHna.  385 

^^^H 

Pyroxene.  41 

origin  of,  7 
PenntnylvaniA,  401 
Piedmont  ivgion,  12 

■ 

r 

rate  of  formiitton,  13 
South  Carofina,  415 

^1 

|)i»k«rt<iwn  i-lay  and  nhak.  Ohio,  3U3 

Tcnnesioe,  421 

^^^1 

Jiiakertflwn  «>a1,  OKio,  31*3 

United  Stnte«,  12 

^^^1 

SJuarts,  eB[^ct  on  clay.  53 

Vermont,  333 

^^^1 

origin.  4 

Virginia,  434 

V 

lelened  to.  II.  41,  47,  48.  60.  77.  83. 

Washington.  441 

I3fi.  I7rt.  2in.  257.  385 

West  Viririnia,  442 

wcibt  herin^  nf,  4 

VViitconHin.  12.  452 

^^^^^^^^ 

Jaartsite,  an  eouroe  of  knolin,  Ui^,  293 

Retort-clsy,  IMO 
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Bhode  IflUod,  cUys  described,  415 

refereoces  oa,  415 
RichmoDd,  Vs.,  9S.  437 
Richmood  shale.  Ohio,  391 
Richter,  cited,  140,  142,  143 
Ricbthofen.  v..  cited,  8 
RiM.  cited,  101. 104, 125, 137,  144, 461, 466 

classificatioD  of,  27 
Riley.  Ind.,  313 
Ring  pita,  220,  252 
Rochester.  N.  Y..  376 
Rock  Castle  County,  Ky..  329 
Rockford,  Iowa,  318 
Bockingb&m  ware,  defined,  262 

manufacture  of,  270 
Rockingham  ware  clay,  Ohio,  397 
Rock  Run.  Ala.,  283 
Rockwell  G.  A.,  cited.  155 
Rohland.  P.,  cited.  100 
Bolb.  described,  219 
Roman  tile,  254 
Boofing-tJIe.  described,  254 

manufacture  of,  254 

varieties  of,  254 
Roofing-tile  clays,  Illinois.  304 

Kansas,  326 

Hiasouri,  359 

New  York,  378 

CHiio,  393 

West  Virginia.  446,  449 
Roaenbusch,  cited,  42 
Rosenhayn,  N.  J.,  371 
Rosier,  cited,  6,  47 
Rusk.  Tex.,  431 
Russell,  I.  C,  cited,  186 
Rutile,  occurrence  in  clay,  56 


S 


Sac  County,  Iowa,  321 
Safford,  J.  M.,  cited,  421.  422 
Sagger-clay,  defined,  196 

Ohio,  397 
Saggers.  262,  272 
Saginaw,  Mich.,  345,  346 
St  AuHtcll.  England,  kaolin  at.  6 
St  Cliaries,  Mich..  345 
St  Joseph  County,  Ind.,  313 
St  LouLt.  Mo..  84,  356 
St  LouiH  clay,  silica  in,  69 
Salem,  Mass.",  342 
Salina,  Kan.,  327 
Salina,  Pa.,  411 
Salina  ahnlca,  gypstim  in,  56 

New  York.  370 
Saiiflbury,  R.  D.,  cited.  41 
Saltzburg  sandstone.  W.  Va.,  446 
Saluda  shale,  Ohio,  391 
San  Antonio.  Tex.,  431 
San  Bernardino  County,  Cal.,  fullere'  eartb, 
462 


Sand,  effect  on  shrinkage,  129 

Sand-blast  257 

Saodstooe,  residual  clay  from.  12 

Sand- wheels,  213 

Sandy  Ridge.  Pa.,  400 

Sandy  Run,  Pa.,  402 

Saspamco,  Tex.,  431 

Sayierille,  X.  J..  369 

Scapolite,  as  source  of  kaoliuite,  47 

solubility  of,  2 
Schist,  as  source  of  kaolin,  166 

formation  of.  36 

referred  to.  434.  452 
Schloesing.  cited,  100 
Schori,  210 
Schrotterite.  51 
SciotoTille,  Ohio.  329.  392 
Scranton.  Ohio.  395 
Scumming,  167 
Sebewaing,  Mich.,  345 
Sections.  Bellaire,  Ohio,  397 

Brazil,  Ind.,  311 

Currier,  Tenn,,  423 

Edgar,  Fla..  297 

Fairbum.  S.  Dak.,  462 

Georgia  fullers'  earth.  4^ 

Grand  Junction,  Tenn.,  422 

Indiana  Coal-measures,  311 

kaolin -deposit  13 

Lewiston.  Ga.,  301 

New  Cumberland,  W.  Vs.,  446 

residual  clay -deposit  7 

Upper  Ohio  River.  405 

Zanesville,  Ohio,  395 
Sedimentary  clays,  described,  14 

classiBcation  of,  18 

Cretaceous,  17 

distinguieheil  from  residual,  17 

estuarinc  type,  19 

flood-plain  type,  20 

lake  type,  20 

marine  type,  19 

origin,  14 

structural  irregularities,  17 

swamp  type,  20 

Tertiary."  17 

variations  in,  17 
Seger.  H.,  cited,  73,  74,  77,  85,  94, 101, 104, 

148,  174 
Seger  cones,  148 
Selenite,  56 

Semi-dry  press  process,  described,  231 
Semi- porcelain,  defined.  262 
Semi-vitreous  ware,  defined,  262 
Semper,  cited,  6 
Serpentine,  as  eource  of  clay,  1 
Settling-tanks,  214 
Sewanee  coal,  fire-clay  with,  421 
Sewell,  Md..  337 
Sewer-pipe  clays,  described,  183 

distribution,  185 

Indiana,  309,  312,  313 
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KWi-r.pi|}c  clays,  lixtiau  Territory,  3l(i 

Slip  pump.  214 

^J 

Maryland.  337 

tiiiicctite.  40).  461 

^^^^H 

Miciu^aii,  34^ 

Smith,  J.  U,  cited,  50 

^^^^1 

Miwouri,  350 

SmiUiviUc.  Twin.,  421 

^^^^H 

North  CaroUnfl.  386 

SiDO<Ji,J.  C,  cited,  137 

^^^^1 

Ohio,  3lhd.  3»3.  307 

Snydor  County,  I'a..  402 

^^^^1 

PenibtylvAtiift,  411 

Soakpit.  duHuribcd,  220 

^^^H 

prOlJerlicw  of.  183 
Teiuis  431 

Socorro.  N.  Mpx.,  373 

^^^^1 

Huilti,  cffert  on  clay.  82 

^^^^1 

Wiutliington,  441 

ininerak  iiar^*i(tg  am  iiourc«.  S2 

^^^H 

!        West  Virginia.  440 

Sodalito,  M  SOOroe  of  knnlinite.  47 

^^^H 

lewLT-pipc  intuiutacturc,  240 

Soft- mud  proccas,  22(.),  252 

^^^H 

Ibafbtbury.  Vl,  333 

Solubility  of  inineraLi,  2 

^H 

)hale,  udsorptivc  jmucr,  104 

Soluble  Balt<^.  00,  1H2.  345 

^1 

1       formntiuit  uf,  1114 

origin  of,  00 

^1 

1       tennilo  strength,  122 

prevention  of,  02 

H 

^barou  cUy,  Olijo,  303 

quantity  in  brii-kis  01 

^B 

IViiiiMylvania.  -UtH 

South  Amlxi'y,  N.  .1.,  181.  SOO 

H 

buoQ  oobI,  Oliio.  3U3.  3V4 
liMroa  sandstone.  Ohio,  393 

8outb  Amboy  firr-clay,  3*);) 

H 

Soutli  Caruliim,  clayu  desjohbed,  415 

fl 

fcaron  aliole.  Ohio,  303 

coastal  plain  cUjti,  41./ 

^1 

■nnuio.  Wia,  46A 

fullcrb"  earth.  4*12 

^1 

EwoygBn,  Wis.,  465 

rt-fernnl  to.  170.  108 

_L_^I 

EeoftniloRh  lioiMtone  rlay,  W.  Va.,  442 

rfsirliinl  clayH,  415 

^^^H 

bepheniMlown.  W.  Va.,  442 

white  flays.  410 

^^^H 

bflrman,  Tox..427 

South  Dakota,  cHy*  deiii-ribed,  419 

^^^^1 

hjtule  tile.  2i>4 

tiiWcn  eartJi,*4(l2 

^^^^1 

»i{rley*«  Mills,  AIh..  283 

refert-nres  on.  420 

^^^^1 

brinksge.  cubic,  jon-a  cinyft,  135 

South  Hfvilk'y,  Miim>..  341 

^^^^1 

nMUurcnusDt  of,  132 

South  Haven,  Mich.,  340 

^^^^1 

See  ako  Air-  an<I  Fire-ehTinkagt 

South  Mountain,  Pa.,  white  clay,  401 

^1 

Merite,  decarbonation  temperature,  74 

South  KivtT.  N.  J..  3fl0 

^^^k 

foriDS  of,  55 

Spocifio  gravity.  diaeiiRiuon  of.  13tt 

^^^H 

ODOurrence  in  clay,  £6 

determination  of,  137 

^^^H 

roferred  to,  71 

Iowa  clayii,  137 

^^^^1 

hsniift.  IW 

mint-raU  in  clay.  136 

^^^^1 

Skvpni.  s.a.  4ia 

MiiMOuri  I'tayH.  137 

^^^H 

Klica.  aajoiint  in  cluys,  09 

New  .fcraey  claj**.  137 

i^^^H 

combined,  liS 

Sponoer.  .1.  \V..  cited.  301 

^^^H 

dct^rminAtinn  of,  (Ui 

Spilmnn,  W.  Viu.  440 

^^^H 

cffivt  on  clay,  6W 

Spodumene,  flohihtlity  of,  2 

^^^H 

tlijxing  action,  70,  140 

Spring!!,  rvliition  to  clay-bodfl.  IRS,  IfiC 
Stflfford  CVjurt  Hoiiae.  Md..  4.17 

^^^H 

frw,«8 

H 

hydroui4.  70 

Stark  (>}unty.  Ohio,  304,  395,  396 

mineralH  rniilaiiiing,  ft8 

Starke  County.  Ind.,  313 

Uica  brick.  Pa.,  44)-i 

Stnlpn  iHliind  clay,  riitile  in,  5(1 

^^^^_ 

QUnianitc,  MHOurce  of  kaolinite.  47 

Stein<l6rfcl.  4tMl 

^^^^1 

Utirian  cUytt.  Indian  Territory,  31G 

Steubenvilli*,  Oliio.  3ftS 

^^^H 

Iowa.  310 

Stevens  Point,  Wis..  452 

^^^^1 

1        Kentucky.  326 

1        Marylnii'l.  SSA 

Stewart  County.  Tcnn.,  421 

^^^^1 

Stifl-niud  machine,  254 

^^^^1 

\       Michitfun.  342 

Stiff-mud  procetM.  de»crib«<l.  228 

^^^^1 

New  Vork,  376 

referrt'd  to.  247.  251.  252 

^^ 

Ohio.  390 

Stockbridge,  Wis.,  455 

Pi'nnflylvania,  402 

Stockton.  C'nl..289 

^ 

[taking  <']nys.  162 
Dip^layH.  analyses  of.  IA9 
fliixi^t  in.  105 

Stone  Moinitiun,  (Sn.,  hollojiute  at,  49 

StoiiewTtrc.  defined.  2«2 

iDanafactiirc.  270 

■ 

New  York.  105 

SUmeware-ctay.  chemical  oompoMtioiit 

180    m 

iM^perlin,  103 
T<'xi».  431 

Connecticut,  205 

^^ 

I>elawan'.  200 

^H 

nww.  195 

Indiana,  312 

J 
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Stoneware-clay,  Iowa,  321 

Kansas,  326 

Maryland,  337.  338 

Minnesota,  348 

Misais8ip]H,  352 

Missouri.  181,  355,  359,  360 

New  Jersey,  181 

New  York,  181,  378 

North  Carolina.  386 

Oluo,  180,  395,  397 

physical  properties.  180 

physical  teete,  181 

Teiaa,  181,427,428,431 

uses,  182 
Stover,  E.  C,  cited,  104 
Stream-clays,  Wisconsin,  455 
Strontium,  adsorption  by  clay,  163 
Structural  features,  sedimentary  clsys,  17 
Sub- Carboniferous,  Missouri.  35i5 
Suffolk.  Va.,  437 

Sullivan,  adsorption  experiments  of,  164 
Sulphates,  adsorption  by  clay,  164 

in  clay,  91 
Sulphur,  in  clay,  55 

determination  of,  66 

scumming  caused  by,  157 
Sulphur  Springs.  Tex.,  428 
Summers  County,  W,  Va.,  442 
Summit  County,  Ohio,  394 
Summit  Station,  Ohio.  392 
Sunday  Creek  VaUey,  Ohio,  398 
Swallows  FalU,  Md.,  335 
Swamjxiiays,  30 
Sylva.  N.  C,  385 
Sylvan  shale,  316 
Synclines,  29 
SjTacuse,  N.  Y.,  376 


Table  Rock,  Neb.,  363 

Talc.  98 

Tallahassee,  Fla..  297 

Tannin,  adsorption  by  clay,  164 

Taunton.  Mass.,  341 

Taylor.  Tex.,  428 

Taylor.  Wash..  441 

Tayloritc,  458 

Taylor-Navarro  marls,  Texas,  427 

Tennessee  alluvial  clays.  423 

Carboniferous  clays.  421 

clays  desiribcd,  420 

Pal;eo7.oie  clays,  421 

Pre -Cambrian  clays,  421 

references  on,  424 

referred  to.  169 

Tertiary  clayH.  422 
Tensile  strength,  Heycr  and   Williams'  ex- 
perimentjj,  127 

cause  of,  123 

definition,  120 

effect  of  mixtures  on,  127 

measurement  of,  120 


Tensile  strength,  Missouri  clays,  122 

Orton's  experiments,  123 

practical  bearing,  120 

range  in  different  clays,  122 

relation  to  plasticity.  12U 

relation  to  texture.  123 

Ries'  experiments,  125 

stoneware -clays.  123 

Texas  clays,  1'^ 
Terrace-clays,  l-ennsylvania,  413 

Texas,  431 

Weet  Virginia.  449 
See  Flood- jJain  etays 
Terra-cotta.  defined,  254 

fayence,  254 

manufacture  of,  254 

referred  to,  179,  182 
Terra-cotta  clays,  described,  182 

distributioD.  183 

Maryland,  337 

Missouri,  359 

Massachusetts,  340 

Nebraska,  363 

New  Jersey,  371 

properties  of,  182 

tests  ot  182,  184 

Washington,  441 
Terra-cotta  lumber,  defined,  248 
Terra-cotta  lumber  clay.  PennaylTaoit,  1 
Terra  Haut«,  Ind.,  313 
Tertiary  clays,  Alabama,  283 

Florida,  297 

Kentucky,  329 

Maryland,  337 

Mississippi,  352 

Missouri,  360 

New  Jersey,  370 

New  York,  378 

North  Dakota,  389 

Oklahoma,  400 

referred  to,  28,  169,  179.  185. 197,  2 
289 

sedimentary,  17 

South  Dakota,  419 

Texas,  428 

Tennessee.  422 

Virginia,  437 

Washington,  441 

Wyoming.  457 
Tertiary,  fullers'  earth  in.  465 
Tesseraj,  258 
Texas,  calcareous  clays,  56 

Carboniferous  clays,  426 

clays  described,  424 

Cretaceous  clays.  426 

lignitic  clays  in,  428 

Pleistocene,  431 

references  on,  433 

referred  to,  78.  84,  123,  165, 167,  : 
181 

Tertiary  clayB,  428 
Thermal  waters,  kaolinization  by.  6 


•pMO.  MiDiL,  348 
titoa.  W.  Va.,  -MO 
■li«r,  Tex..  4tW 

See    Ifrmn-,    foot-,    Itooftng-,    and 
aUttU, 

eUyn.  llUn(jis.dl>l 
Iniliikua.  3117.313 
[u  li.tii  Tfrrilorv,  310 
lo**.  31«.  3I«' 
Tetiiieiupc.  421.  422 
Wi«contiiri.  455 
»  County.  P»..407 
ett  I  coaJ.  Ohio.  393 
oiU  MiMtslone.  Ohio,  303 
amingo  Cuuiity.  Misd..  3A2 
lite.  41 

nium,  t)« termination  of.  6t) 
olToi't  on  tlay,  *W 
in  firR-rlav-'f.  17i) 
nago  of.  fti  cIa>-5.  84 
I.  J.  £..  ciUKl.  41!» 
kvranfla,  N.  Y.,  3TH 
lA.  kaulinizAtion  of.  4,  47 
ika.  Knn..  32A 
'Jiiline.  in  <  Uyn.  41 
in  kaolin,  57 ,'210 
■y  City.  Ti-nn..  4'Jl 
uporteti  i'la>'n,  14 
iton.  N.  J..  370 

itoii  limmUiiH;,  llimouri  cUy  in.  3£»fi 
■no  oiftys.  Kanww,  327 
New  Jeraey.  3ti.  3t>4 
North  Oarolina.  3HG 
Virgiiiia.  437 
f,  N.  a.  385 
ker  Ooonty.  W.  V.i..  442 
iftlooaa.  Ala..  283 
Htfttwas  County,  Oliio.  304. 305,  300 
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ifftoa  aluklot.  W.  Va..  44Q 

nuit«  analyxig.  explaiiivd.  60 

interpiTlrttion  of,  5U 

mctti'vl  of  nialuiig,  04 

AtDirino  t'lay.  199 

natv.  Mi(-)i.,344t 

M  Coriiily.  Fa.,  41)2 

m  Kiimace.  Ohio.  304 

«]  Ktatos.  residua]  cla>-s  in.  12 

\fxU  kUntt.  230 

er     Barren     MeaaunM.     S«e  Dunkard 

er    Coal-meMurea.     See    MonotigtMhda 
ru9 

w  Crstaceous.  New  Jeniey.  370 
Texi*.  4'2ri.  42S 
er  Krwpnrt  day,  (Wiio,  397 
We*t  Virginia.  44« 
er  Frcfpof t  tH»U  41 1 
r  Kittaoning  clay,  Peniwylvania.  407 


m  Kittaoning  c 


Cpper  Maribofo,  Md,  337 

Uppvr  Mcrrer  coal,  Ohio,  303 

L'piier  Mercer  fire-ilay.  Uluo,  303,  304 

L'ppcr  Mercer  Univstonc,  Uliiu,  303 

rpper  I'roditcttvp  Mcrufiiniw.     See  Jfono*- 

L'pwliur  County.  W.  Va..  440 
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Valley  Head,  Ala.,  UaUoyaita  at,  40 
Vatiwliatm,  in  clay.  57 
Van  BeinmeJcn,  cited.  00 
Vamlulia,  Mo..  350 
Van  HiMH,  f,  R.  cit«l.  47 
Vanpori  limeilone  clay.  Oliio.  305 
Vaugbaii.  T.  W..  tiUil,  401,  462 
VcgPtalion  of  cUy-sotl.  ISK) 
V'urrnilion.  S.  Dak..  420 
Viirmont,  i-Lay.^  dew-rilml,  333 

rcferwicBK  on,  333 
V^erne.  Midi..  345 
\"infon  County,  Ohio.  305 
Virginia.  CtirliunKeroiM  claya,  437 

daya  deMcribed.  434 

Conemaugh  soricti  i-Iny-i.  44lt 

diAtotDoceouB  eortli.  437 

fulltMx'  earth,  402 

I'leintocene  claya,  437 

rofctencca  on.  441 

n^ferrw!  lu,  57.  84,  107 

nniduAl  ola^ii,  434 

Tertiary  iluyn,  437 

Tri«»*i(;  cUys.  437 
Vitriflcation.  relation  to  color,  102 

ata^tea  of,  138 
Vivianite,  in  clayx,  &tt 
Vogt.  G..  fitod,  47.  104 
VoKt,  J.  H.  L.,  cited,  3.  4 
Volume,  dulerini nation  of,  132 
Volunmeter  for  ^peeitio  gravity  determine* 
tioii.  133 

Segem'.  dotcribed,  137 
Von  Bnch,  cited,  0 
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Waco.  Ky.,  328 
Waco.  Tex..  427 
WadcUy.  delinml,  197 

rfft-rred  ti>.  272 
Watljalla.  N.  l>»k.,  300 
Walliagford.  Vl,  333 
Wall-tjtc.  uinnufActuR-  of,  201 

refcrrr-d  to.  108.  20| 
Wam-clay.  dtliMt-d.  100 
Wiutiing  clay,  213 
W»Mliiii|fton.  cUya  dmcribed,  441 

rr'frrcnoM  on.  441 
Wuihington  Conniy.  Ohio.  398 
WiuUington.  U.  (X'.  200,  437 
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IftMiK,  hM^JrjfinvL  vi,  tiT  tibj,  W 

fdhvin  (jd.  UL  uinr.  M 

ctaUtKet  lib  v«ktiwm^  j! 

WwUttTu^  HWt  Mj  iJaKUivtT.  I'M 
fryiwuMi.  1 

WttmU^.  S.  C.  «.  1«7.  3S5 

Wdbburx.  W.  V«..  44< 

Wwtoi'jKlMi'J  County,  Pa.,  407.  411 

WwUn  Cotioty,  VVya,  45*i 

W««t  Viridou.  CarboniferoiH  eUjb,  442 

cUys  d^M-ribtid,  442 

VtvtMUMti  da}"*,  442 

I>uiilur<i  cUyR.  449 

LoK'«r  (Jlttrbcmitennw  <iayBt  442 

M<m<mgabeU  t>«rim  cU^-k,  446 

IVutur.-«ne  <-U>ii,  449 

refereiKrot  on,  451 

mtt^nvi  to.  178,  179 

Kilurian  'layK,  442 
Wet  (Win,  <U.-jf ■rilf'f'l,  22ft 

nffcrn-l  to,  iilO.  251,  252.  257 
Wliwlcr.  A.   H..  rit<:i].  41,  49,  51,   95,  97, 
UK  I'H.  J2I.  1J2,  131.  137,  138,  I4«, 
I'JI,  l!W.  :j.->4 

<:Urt>ii)i<'atJ<jn  of.  24 
WhiU-,  L  T'..  (ilt-l.  39«.  4(« 
WliiU?  (granite  ware,  HefintHl,  2fi2 
Whit(.*wan;,  <l<r<rorali<jii  o(,  275 

ficiiiif.!,  2<i2 

inatiiifa<-tijr('  of.  271 
Whitr;-WHnr  clay,  MihJ^ouri,  354.     See  also 

KfttJin 
WhiU;wa«h,  157 

pn;viTitioti  of,  ft2 
S*-*:  SrduUi.  ifdU 
WliitiK-y,  M.,  ( iti'<I,  !W 
WhitiicyH,  .\.  J.,  371 


Wafiuok  L  A,  cited.  123,  127,  IT,  1% 

^L31S 
KilkttUn,  N.  C  365 

wak»v  Sution,  Ohu^  382 
WiT*  VaUej,  Ak..  2S3 
Wdiaa^tati.  i.d.,  296 
WSmoot.  Va^437 
ffuKkMB.  N.  v..  376 
WHOGftfin.  days  dewribed,  451 

mimiilii  in,  41 

Flwtooene  cbjB,  455 

lefcwocf  on,  456 

refcned  to.  56.  78 

K^dnal  day  in.  12,  4S2 

wdtmnitary  days.  452 
Wood  County,  U  ia..  452 
Woodbine  formation.  Tex..  427 
Woodbndge.  N.  J.,  fidcfapar  bedi,3e 

rtfemMl  to,  196,  205.  2U9 
Woodbrid^  fiTr.day,  369 
WoodbuTT  CountT.  loma,  321 
Woodland.  Pa.,  4(>6 
Woodmanae,  N'.  J.,  371 
Woodstock.  Ala.,  283 
Woodatown.  N.  J.,  83 
Woodvard  County.  C^la.,  400 
WoobeT.  dted,  407 
WienBhaU,  3(inn.,  351 
Wyoming,  days  denrribed,  457 

references  on.  456 

referred  to.  128 
Wyoming  Comity,  W.  Va.,  446 


X 

Yellow  ware,  clays  for,  1 82, 397 
defined.  262 
manufacture  of,  270 
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WuMmunn's  InuntuM  Sera :  H«mi>Ir^iH,  Cytotoxini,  u«l  Prwipjtiiii.    (Bol- 

diUB.) lamo,  i  o* 

'WcBTcr't  Military  Explotires. 8to,  3  00 

WehreofeoniE's  Analysis  uid  Softening  of  Boiler  Feed-Water 8to,  «  00 

Wells's  Laboratory  Guide  in  Qualitatire  Chemical  Anatrti*- Svo,  i  50 

Short  Course  in  Inorganic  QuafitatiTC  Chemical  Analysia  for  Enciiwcrinc 

Students i3mo,  i  50 

Text-booli  of  Chemical  Arithmetie lamo,  i  35 

Whipple's  Microscopy  of  Drinkinc-water. Svo.  3  5* 

Wilson's  Cyanide  Processes lamo.  i  s* 

Cblorination  Process lamo,  i  50 

Winton's  Microscopy  of  V^etable  Foods. Sro,  7  so 

Wulling's    Elementary    Course   in  Inoivanlc,  Pharmaceutical,  and  Medical 

Chemistry lamo,  a  ee 


CIVIL  EITGINEERING. 

BRIIWES   AITD   ROOFS.       HYDRAULICS.       MATERIALS   OP    EHGIHEERUIO. 
RAILWAY  ENGIRE&RIIT6. 

Baker's  Engineers'  Surveying  Instroments. I30»,  3  00 

Bixby's  Graphical  Computing  Table Paper  iq)  ':.  34)-  Inches.  ss 

**  Burr's  Ancient  and  Modern  Engineering  and  the  Isthmian  Cana ..     (Postage. 

37  cents  additional.) Sro,  3  so 

Comstock's  Field  Astronomy  for  Engineers. 870,  i  sa 

Dayis's  Elevation  and  Stadia  Tables. 8to,  i  00 

Elliott's  Engineering  for  Land  Drainage lamo,  i  50 

Practical  Farm  Drainage lamo,  i  00 

''Fiebcger's  Treatise  on  Civil  Engineering 8vo,  5  00 

Flemer's  Phototopographlc  Methods  and  Instruments,.  ...    8vo,  5  00 

Folwell's  Sewerage.     (Designing  and  Maintenance.) 8vo,  3  00 

Freitag's  Architectural  Engineering.     3d  Edition,  Rewritten 8vo,  3  50 

French  and  Ives's  Stereotomy 8vo.  3  50 

Goodhue's  Municipal  Iroprovcments lamo,  i  75 

Goodrich's  Economic  Disposal  of  Towns'  Refuse Svo,  3  50 

Gore's  Elements  of  Geodesy Svo,  2  50 

Hayford's  Teit-book  of  Geodetic  Astronomy Svo,  3  00 

Herirg's  Ready  Reference  Tables  (Conversion  Factors') i6mo,  morocco,  i  50 

Howe's  Retaining  Walls  tor  Earth ,        ran:o,  1  15 

•  Ives's  Adjustments  of  the  Engineer's  Transit  and  Level- i6mo,  Bds.  35 

Ives  and  Hilts's  Problems  in  Surveying i6mo,  morocco,  i  50 

Johnson's  (J.  B.l  Theory  and  Practice  of  Surveying Small  Svo,  4  00 

Johnson's  (L.  J.l  Statics  by  Algebraic  and  Graphic  Methods Svo,  3  00 

Laplace's  Philosophical  Essay  on  Probabilities.    (Truscott  and  Emory.),  ismo,  3  00 

Mahan's  Treatise  on  Civil  Engineering.     (1873.)     (Wood.) Svo,  5  00 

♦  Descriptive  Geometry Svo,  i  50 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy Svo,  3  50 

Merriman  and  Brooks's  Handbook  for  Surveyors t6mo,  morocco,  3  00 

Nuaent's  Plane  Surveying Svo,  3  50 

OKrieii's  Sewer  Design ismo,  3  00 

i'arsons's  Disposal  of  Municipal  Refuse Svo,  2  00 

Pa 'Ion's  Treatise  on  Civil  Engineering Svo  half  leather,  7  50 

Reed's  Topographical  Drawing  and  Sketching 4to,  5  00 

R.denrs  Sewage  and  the  Bacterial  Purification  of  Sewage Svo,  3  50 

Siebert  and  Biggin's  Modern  Stone-cutting  and  Masonry Svo,  i  50 

Smith's  Manual  of  Topographical  Drawing.      (McMillan.) .8vo,  2  50 

Sondericker's  Graphic  Statics,  with  Applications  to  Trusses,  Beams,  and  Arches. 

8vo,  3  00 
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TKflor  and  Thompton'i  Trutlw  oo  Concrete,  Pkln  mat  ll«iiiforc«4.         6ro, 

*  Tfnutwinf '(  CLvil  Enjcineer'e  Pockci-book. .  i6ioot  morocco. 

Venabte's  Garbove  Ctematono  In  America. ....v.....^...  .Syo, 

Walt's  Easmecrtog  and  Axcbltactural  Juruprndenct,  .>i....,c>..>f'  Sjx>, 

SbMp. 
Law  t»f  Operations  PrcUminanr  (o  ConatncUoa  in  Eaiiowriitc  and  Arclu- 

iBcture. , , gro, 

Sbwp. 

Law  of  CoQtroctf. 8to, 

Watren's  SUtrcDtotnr — Problems  in  Stonc-cutticc. . 8to. 

Wfbb't  Froblcnu  ia  the  Use  and  Adjustment  of  Eosinecrinc  loolnuiWDti. 

tono,  morocco, 
WllBcw't  Topoftapbic  Surreyitic 8vd, 


BRIDGES  AlfD  ROOFS. 

BoUar*!  Pr»c1lMl  Treatise  on  the  Constmction  of  Iron  Higbwar  Bridcet.  .Bvo. 

•       Thames  River  Bridge . , , 4I0.  paper. 

Burr's  CourM  on  the  Stresses  io  Bridges  and  Root  Trusses,  Arched  Rifcs.  a&d 

Suspension  Bridges        .   8vo, 

'  Burr  and  FaOt's  Influence  Lines  (or  Bridge  and  Roof  Computations.      .  .    8vo, 

OesigD  and  Conslruciion  of  UelAilic  Bridges  ...  .    .       Sto, 

Du  Bois's  Mechanics  o(  Engineering.     Vol.  II Eoall  4(0, 

Foster's  Treatise  on  Wooden  Trestle  Bridgok. 410, 

Powlcr's  Ordinary  Foundations  .  . 8*0, 

Greene's  "Root  Truwes. ...    , . .  8to, 

Bitdgc  Trusses. .  8vo. 

Arclies  in  Wood.  Iron,  and  StOM ..  8eo, 

Bowe's  Treatise  on  Arches. 8«o, 

Design  of  Simple  Roof-truaM«  in  Wood  aofi  SleeL       .  .  8vd, 

Srmmetrical  Hasoorr  Arches. .     .  .    ,    ,  8to. 

Johnson,  Bryan,  and  Turneaure's  Theory  and  Practice  in  the  Deaigniog  of 
Modern  Framed  Structures.. .      .    ,      ....  Small  41a, 

Merriman  and  Jacoby's  Text-book  on  Roofs  and  Bridgts: 

Pan  1.    Stresses  in  Simple  Tniwis. .   .  8ro. 

Part  11.    Giaphic  Statics. Bro. 

Part  111.  Bridge  Design Rro. 

Part  tV.    Higher  Structures  .....,..,  8to, 

Horlaon's  Memphis  Bridge.  ...  4to. 

L  Waddell's  Oe  Pontibua,  a  Pocket-book  for  Bridge  Engineers. .  161110.  m«n>cee, 

•  Specifications  for  Steel  Bridges.  ...  .  .    lamo, 

I  Wrigbfs  Designing  of  Qraw-apans.     Two  ports  in  on«  volume.  8to. 
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HYDRAULICS. 

I  Baniet'a  lea  Pormatloa.     .  . .  8to,  j  oo 

~  Bazln'a  Experiments  upon  the  Cootroctioa  of  tht  Ll^d  Vein  Iwuing  from 

an  Orifice.     '  Trautwine.  1 8»o,  3  00 

Boeer's  Treatise  00  Hydraulics. iro,  s  oo 

CtaBTch'f  Mvchanics  of  Engineering.  .  .  .  ...      Sro.  6  00 

Diagrams  of  Mean  Velocity  of  Water  In  Open  Cluuinels .paper,  i  50 

Hydraut'c  Motor*.  . 8eo,  a  00 

Coffin's  Graphical  Solution  of  Bydraulic  Pioblems l6me,  morocco,  a  si 

Plather's  Dynamonietfrf ,  and  the  Heasnrament  of  Pover. lamo.  3  00 

Fohrclt's  Water-supply  Engineering ,  .  8vo,  4  oo 

FrtMirs  Water-power. 8vo.  5  <» 
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Focrte^B  Water  md  PnbHe  ^alth. ..izmo.  i  9» 

Wster-fittnition  Works. ....lamo,  a  50 

Gancuillet  and  KatUr's  General  Formala  for  the  Uniform  Flow  of  Water  in 

RiTert  and  Other  Channeh.     (Heriac  and  Trantwine.) Sro,  4  00 

Hazen'a  Filtration  of  Pablic  Water-aupply 8¥0,  3  00 

Hazlehurtt's  Towers  and  Tanks  for  Water-works. 8ve,  2  50 

Henchel's  1 15  Experiments  on  the  Canriog  Capacity  of  Larie,  Riveted,  Metal 

Conduits. 8to.  3  00 

Mason's  Water-«upplr.     (Considered  PrincipaOr  from  a  Sanitary  Standpoint) 

8vo,  4  00 

Herrlman's  Treatise  on  BTdranlics. Sro,  $  00 

•  Hichie's  Elements  of  Analytical  Mechanic*. 8to,  4  00 

Schuyler's  Reservoirs  for  Irrigation,  Water-power,  and   Domestic   Water- 
supply Large  8vo,  5  00 

**  Thomas  and  Watt's  Improvement  of  Rivers      (Post,  44c.  additional.)  4fOt  6  00 

Turneaure  and  Russell's  Public  Water-supitHes 8vo,  5  00 

Wegmann's  Design  and  Construction  of  Dams. 4to.  5  00 

Water-supply  of  the  City  of  New  Tork  from  1658  to  1895. 4to,  10  00 

Williams  and  Hazen's  HydrsuUc  Tables. 8vo,  t  50 

Wilson's  Irrigation  Engineering. .  : SmaU  8vo,  4  00 

Wolff's  Windmill  as  a  Prime  Mover. Svo.  3  00 

Wood's  Turbines 8vo,  2  50 

Elements  of  Analytical  Mechanics. Svo,  3  00 


MATERIALS  OF  ENGINEERinG. 

Baker's  Treatise  on  Masonry  Construction 8to, 

Roads  and  Pavements. Svo, 

Black's  United  States  Public  Works Obk>iic  4to, 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures Svo, 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering. Svo, 

Byrne's  Highway  Construction Svo, 

Inspection  of  the  Materials  and  Workmanship  Empkiyed  in  Coostniction. 

t6mo. 

Church's  Mechanics  of  Engineering Svo, 

Du  Bois's  Mechanics  of  Engineering.     Vol.  I Small  4to. 

"Eckel's  Cements,  Limes,  and  Plasters Svo, 

Johnson's  Materials  of  Construction Large  Svo, 

Fowler's  Ordinary  Foundations Svo, 

Graves's  Forest  Mensuration Svo, 

*  Greene's  Structural  Mechanics Svo, 

Keep's  Cast  Iron Svo, 

Lanza's  Applied  Mechanics Svo, 

Marten's  Handbook  on  Testing  Materials.     (Henning.)     2  vols Svo, 

Maurer's  Technical  Mechanics.         .    Svo, 

Merrill's  Stones  for  Building  and  Decoration Svo, 

Merriman's  Mechanics  of  Materials, 8vo, 

Strength  of  Materials lamo, 

Mctcatf  s  Steel.     A  Manual  for  Steel-users iimo, 

Patton's  Practical  Treatise  on  Foundations. Svo, 

Kichardson's  Modern  Asphalt  Pavements      Svo, 

RicliL'y's  Handbook  for  Superintendents  of  Construction i6mo,  mor., 

*  Rics's  Clays;  Their  Occurrence.  Properties,  and  Dses.  ■ Svo. 

Rockwell's  Roads  and  Pavements  in  France lamo, 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish Svo, 

Smith's  Materials  of  Machines.  , lamo, 

Snow's  Principal  Species  of  Wood Svo, 
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Spatdins'i  Hy4Mulic  Ctroeot .,, i;*i. ..-;.», -  .I9BM, 

Text-book  on  Roadit  and  Paremeait iinio, 

Taylor  and  TbouipAoii'o  TieattK  on  CoDcrctc.  Plain  and  ReinforcMl.  Sto. 

lUunlun't  HalcfUla  of  Enclomtns-     3  Paitv.  ....   8vo. 

Pan  I.     non^meUllic  Hateriab  of  Eatlnccrinc  aod  HeUUuisy B\v, 

Pait  n      Iron  and  StceL 8vo. 

Purl  lU.     A  TrMtisa  on  Braaan,  Bromee,  «nd  Other  AOoti  and  tbdr 

Coaitituanls.  .  , .   8to, 

Tbunton't  Teit-buok  of  Uia  Halcriafa  of  Coaatmcllon. .....  . .  .Bvo, 

Ttlloon'*  StrerC  PavementK  and  PavinK  HalcfUh.  .  .  . .      8vo. 

Waddcll't  Of  Pontltrus    (A  Pocktt-book  for  Bridge  Eosineeri.).  .16010,  mor.. 

Specific  a  tionn  lor  Slacl  Bridges. . .       . .    lano, 

Wood's  <  D«  V.  I  TrratiM  on  ihe  Rea'mUoca  ol  Materials,  aod  an  Appetidli  od 

the  Pieservatioo  of  Timber    .  ....    8vo, 

Wood'a  il>e  V.)  EltRWUta  of  Ajuuytical  HcchaoicB Svo. 

g.          Wood's  <H.  P.)  Ruatlatt  Coatinci-    Corrodon  and  ElMtrotraii  of  Iron  and 
^^L  SteeL evo, 

r  i 


RAaWAY  ENGINEERING. 


Andrew's  Handbooli  for  Street  Ralhraf  Enslneers.       .315  iach«s,  morocco. 

Berg's  BuildincE  aod  Siructur«f  of  American  Railroads 4to, 

Brook's  Handbook  of  Street  Railroad  Loialiau 161110,  morocco 

Baifs  Civil  Bnclneei'a  PieM-book.  ,  lAmo.  morocco. 

Cmndall't  Transition  Curve. .  .  i6mo.  morocoo. 

Railway  and  Other  Earthwork  Tables. 8vo, 

Dawson's  "Encincerinc"  and  Electnc  Traction  Pocket-book     lAmo,  iDorcccOi 
Dredge's  Riitvrjr  ot  the  Penniytvania  Railroad:    (iBtj) Paper, 

*  Drinker'K  TunneUing,  Exptnlve  Compounds,  and  Rock  Drills  4to,  hatf  mor,, 

Fisher's  Table  ot  Cubic  Yardft.  Cardboard, 

Godwin's  Railroad  Engineers'  Field-book  and  Expfornt*  Guide .  . .  i6mo.  mor.. 

Howard's  Transition  Cum  Field-book. .....    16010,  morocco. 

Hudaoa'&  Tables  for  Cakulatioc  tb«  CaMc  Contcnta  of  ExcaraHooa  and  Bin- 

baokmcats.  8to, 

HolilOT  and  Beard's  Manual  for  Resident  Enginaari. ,  i6mo, 

Ragle  i  FieU  Manual  for  Railroad  Engineers t6sio,  morocco. 

Phtlbrick's  Field  Manual  for  Engineers i6mo.  morocco, 

Scailcs's  Field  Engineering.         ...  t6mo,  morocco. 

Railroad  Spiral .     .  l6fflo,  morocco, 

Taylor's  Prismoidal  Formul*  and  Earthwork . .   Sro. 

*  Trautwitic  b  Method  ot  Calculatlog  the  Cuba  Contaota  of  ExcaTitioBt  and 

Embankmcnta  by  the  Aid  of  Diagrams,  .  . . .  .Svo, 

The  Field  Practice  of  Laying  Out  Circular  Curves  for  Railroads. 

larao,  morocco, 

Croas  aecUcn  Sheet .  Paper, 

Webb's  Railroad  C-onstractioti. .^.,. ,. ..i6mo.  morocco. 

Economics  ot  Railroad  Conatrucboa. . .    Large  iimo, 

Wellington's  Economic  Theory  of  the  Location  of  Ralhrars.  .    Small  Svo- 
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DRAWING. 

Barr's  Kinematlea  of  Uaehirtery.    . .  ....  .       8vo  3  50 

*  Bsriiett'i  Mechanical  Drawing Svo.  3  00 

•  *'  ■•  •■         Abridged  Ed.  .  Sro.  1   50 

Cooldge't  Manual  of  Drawing Svo,  paper,  t  oo 

ft 


i 


CooHdce  and  Fnemui's  Etements  ot  G«BcnU  Dnftii^  for  w^^h^^i^i  Bagl- 

nM«- OUMiC4to,  a  50 

Dnrler**  Kineimitics  of  Machiaw. S*o,  4  00 

Emch'f  IntrodacttMi  to  Projectirt  GcooMttrr  and  iti  ApfBcatiou. Svo,  3  50 

HilTs  Text-book  on  Shade*  and  Sfaadowf,  and  PcnpMtiv*. 8vo,  300 

Jamisoa's  EJementa  a<  Mechanical  Dravinc. Svo,  2  s» 

Advaficed  Mechanical  DnnrinE Svo*  2  00 

Jooee'e  Machine  Z>eeicn: 

Part  L     Kinematics  ot  Machinerr. Svo,  i  50 

Part  n.     Fonn,  Strencth*  and  Propavtioaa  of  Paxta. 8vo,  3  00 

MacCord't  Elenuata  ti  Dwcripdve  Goometrr. 8to,  3  oo 

Kinematics;  or.  Practical  Mechanism. 8to,  5  00 

Mechanical  Drawinc- 4tOt  4  00 

VelodtT  Diacrams. 8to,  i  5a 

MadLeod'a  DeacriptiT*  GeometiT-. Small  8to.  t  5» 

*  Mabao's  DeKTipttve  Geomatrr  and  Stone  cntting. Sro,  t  50 

lodnstrial  Drawinc>     (Thompaon.). 8vo,  3  50 

Morer't  DescriptiTe  Geumatry. 8vo.  3  00 

Reed's  Topofraphical  Drawinc  and  Sketchiac. 410*  s  o» 

Keid's  Conne  in  Mechanical  Drawing. two,  a  00 

Text-book  of  Mechanical  Drawinc  And  Klementaty  Machina  Dasicn.Svo,  j  00 

Robioson'i  Principles  of  Mechaniam. Bf>o,  3  00 

Schwann  and  Merriirs  Elements  at  Mechanism. S*o,  3  on 

Smith's  (R.  S.)  Mannal  of  Topocraphical  Drawinc.     (McMillan.) 8vo,  2  50 

Smith  (A.  W.)  and  Marx's  Machine  Dasico. 8to.  3  00 

*  Titsworth's  Elements  of  Mechanical  Dnwinc Oblonc  8to,  i  ]$ 

Warrea'i  Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawinc-  tamo,  1  00 

Draftinc  Instramenta  and  Operations. lamo,  i  25 

Mw"vfi  of  Elementarr  Projection  Drawinc. lamo,  i  50 

Mamial  of  Elementary  ProUaniB  In  the  Linear  PenpactiTe  of  Form  and 

Shadow lanao,  t  00 

Plane  PnAlems  in  Elementary  Geometrr zamo,  i  39 

Primary  UeometrT tamo,  7s 

Elements  of  DescriptiTe  Geometry,  Shadows,  and  Perspective Sro,  3  50 

Geoeral  Problems  of  Shades  and  Shadows Sro.  3  00 

Elements  of  Hachiae  Construction  and  Drawinc 8to,  7  50 

Problems,  Theorems,  and  Examples  in  Descriptire  Geometrr. Sro,  3  50 

Wetsbach's    Kioematics    and    Power    of    Transmission.        (Hermann    and 

Klein.) 8to,  5  00 

Wbelpler's  Practical  lostniction  in  the  Art  of  Letter  Eofravinc lamo,  3  00 

Wibon's  (H.  M.)  Topoeraphic  Sunreying 8to,  3  50 

Wilson's  (V.  T.  >  Free-hand  Perspective 8to,  1  50 

Wilson's  (V.  T.)  Free-hand  Lctterine &ro,  1  00 

Woolf's  Elementary  Coune  in  Descriptive  Geometry. Larce  8to,  3  oc 


ELECTRICITY  AKD  PHYSICS. 

Anthony  and  Brackett's  Text-book  of  Physics.     (Magie.) Small  8to.  3  00 

Anthony's  Lecture-notes  on  the  Theory  of  Electrical  Measurements.  .  .  .  lamo,  1  00 

Benjamin's  History  of  Electricity 8vo,  3  00 

Voltaic  Cell 8vo.  3  00 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.     (Boltwood.>.8vo,  3  o" 

•  CoUins's  Manual  ol  Wireless  Telegrsphy lamo,  1  50 

Morocco,  3  00 

Crehore  and  Squier's  Polarizing  Photo-chronograph 8vo,  3  00 

Dawson's  "Engioeering"  and  Electric  Traction  Pocket-book.  i6fflo,  morocco,  5  00 

10 


Doteialelc'a   Theory  of   tlw  Lsb4  Aeeiunulalor   (Stone*   Battcrr).      (Von 

Bndc.  I - . .        ,    , .  - ...,,.,  lamo, 

Dubeoi's  ThcrntodruAmics  ftod  ChemiitrT.     (BursMS.). Sro, 

PUlJi«r'B  Drnamonielers.  and  the  Meusuf vmcni  of  Powsr. .taOM, 

Gilbcn'i  Df  HAgncU.      (MotUUy.). Sro, 

HancheifB  Altcfnatinc  CuiTflnts  ExpUincd tamo, 

Herinjt's  AcBdy  Re(ereac«  Tables  <CoavGrstoa  Faclon) t6mo,  morocco, 

Holnuo'i  PrecUion  of  UeuuTements. ... .Sto, 

Tefescopic    Mirror-scAle  Helbod,  AdjusunentB,  «nd  Twla. . .  .L«is*8*o. 

KlDzbruoner's  TcGlinf  of  Conlmuou»-curTcat  MaebioH. 8to, 

LuLdauer'i  Spectnim  AnalyaU.     (Tiacle.  • 8to, 

Le  ChAUUer  s  HiKh-tempcrature  Meuu  re  merits.  { Boudouard — BiirveM.)  i»dio, 
LiVVi  Electrocbecniitry  of  Orsaoic  Compouads.     (Loreni.i 8to. 

*  Lyoatf%  TreattM  on  ElectronuKnetlc  Phenomeiu.    Vobi.  1.  and  LL  8vo,  e«cb, 

*  Hicbio'i  Elemmts  of  Wave  Motion  ReUtlnc  to  Sound  and  Ugbt 8vo. 

RUudvl't  Elementary  Trciitite  an  (Electric  Uatlerie*.     I  Fithbach.l ismo. 

*  Panhall  and  Uobart'B  Electric  HUcbioe  Desita 4to,  balf  morocco,  i 

*  Rownberc'f  Electrical  Enfineerinx.     (Haldine  Gee — KJubninner. ).  .  .8to. 

R^n,  Iforrii, and  Moiic't  Electrical  Hacbinery.     Vol.  L 6vo, 

Thttnlan'H  Stationanr  Steam<«nKi[iea. Sto, 

*  TtUman's  Rlementarr  Lessons  In  He«t 8vo. 

Tory  and  Ptuher'«  Manual  of  Uabotatory  Pbytiet. Small  8vo. 

Dlke'a  Modern  £lectrol|rtic  Copper  ReAninc 8vo, 


LAW, 


•  Daeli'i  Elements  of  Law Sro.  i  50 

•  TreatiM  on  tbe  HiUtarr  Law  of  Uoited  States. ,8to.  7  00 

•  Sheep,  7  50 

Manual  for  Courts- mart! a L t6mo,  morocco,  t  30 

Wait's  Eocineerinc  and  Architectural  Jurisprud«oc«. .8vo,  6  00 

Sheep,  4  9» 
Law  of  Operatlonp  Prelimlnarr  to  CotutmcUoa  ia  SaiiaeeriDl  and  Arcbi- 

lecture Seo,  5  00 

Sbeep,  5  50 

Law  of  Contracts. .Sto,  j  ao 

Winthrvp's  Abridgment  of  Military  Law Iimo.  1  so 


b 


MANUFACTURES. 


Beraadou's  Smokelen  Powdar — ff)tr»<«elluk>ae  and  Tbaory  ol  tbe  CeDolow 

Hlolecule - I3ffl0. 

BoUaad's  Iron  Fouadcr ......»i  ...>.....^ «*.«.. lamo, 

The  Iron  Founder,"  SuppleinrnL  ..■. ... .v...... .nrw^^... .     xxmo, 

EocK^opixll*  of  FoundinE  and  Dicttonary  of  Foiindrr  Ttrma  TiMd  la  tbe 

Practice  of  Mouldiru •  ■  -  lamo, 

Cteamn's  Beet-sugar  Maaufactate.    (Hall  and  RoSa^ 8vt>, 

*  Sckal'l  CamentSt  Limes,  and  Plasters *••*••  •..ftro. 

Bialer's  Modern  Ilttb  E^iploslves. ■■■*.... 8vo, 

Bffront's  Enifmes  and  tbeir  AppliatUona.     (.PretcotLX  •• •••  ••••.8to, 

FItzccraU's  Doslon  Hachiaisi uno. 

Ford's  Boiler  HoJung  for  Builcr  Makers. tSmo, 

Bopkin's  Oil-«benusta'  Uaadbook. 8to, 

Keep's  Cast  Iron. 8n>i 
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a  50 

2  50 

3  00 

3  09 

6  00 

4  00 
3  00 
t  00 
t  00 
i  00 
»   50 


Icftch'i  Thi  InKp««tion  tnd  AaAlysiB  of  Food  villi  Spodi)  lUfcrvtue  t«  fvtsfc 

Control. .  ,  LargK  8ro. 

*  McKay  tad  LArwn's  Principles  *od  Practice  o(  Buttcr-Bukiag  Bro, 

JUtth«w»*i  Tbe  Tolile  Fitrrt .  Bro. 

Il*tc«if'»  St4»L     A  Manuil  lor  Steol-utcrs. . .       .    . lano. 

Umttmii*'*  Co«t  of  Maauf«ctares  — And  the  Admiaiitntioa  a<  Wofktliop*  ftro, 

Haycr'a  Modsro  LocamotiTc  Coostniction. ...     .     .  4I0. 

llora«'»  Calcutationi  tis«d  in  Caae-augar  Faelorie* i6nio.  ouwocco, 

*  Retiis's  Guidt  to  Pieco-djeini. Svo, 

Rice's  Coociete-block  HanulacTore. Bto, 

Sabin'a  Induatrial  and  Artiitic  Tochnolovy  of  PftloU  and  VanUih. 8vo. 

Smith'!  PrNs-workinc  of  M«tals., Sro, 

Spalding's  Hydraulic  Cctncni .lamo, 

Sptiicer'i  Handbook  for  CticmitU  of  B«el>«ticir  Boatet. . .. .  lOmo,  morocco. 

Uandbonk  for  Cane  Sugar  Haauiacturer«  ...  .i6ii)o,  motocco. 

Taylor  and  Thompson's  Treatise  uii  Comrete,  Plain  and  Reinforced.  .  .      8v<a, 

Thuratoa'R  Haaaal  of  StaaiD-boilan.  Ihatr  DesiBiia,  Caaatructioa  and  Opera* 

(ion. ...    . . Hra, 

*  Walke's  T^c(ur«i  on  Explosivct. .  .    .  .Bto, 

Ware's  Bect-aucar  Haoulaclure  and  Rafinioe.  Small  Sro. 

Wearer'c  Militarr  Explosives.  .  .  Hto, 

West's  American  Foundry  Pntclice..  .  iimn, 

Hoaider's  Text-book nma, 

WoUI's  Windmill  as  a  Prime  Mover , Beo, 

Wood's  RusUcu  Coaciiifi :  Corrosion  and  Electrotnis  of  Iron  aod  Slael.  .8t«, 
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MATHEUATICS. 


Baker's  EUiptie  Tuiutloni. gvo,  1  50 

*  Bass's  £lenurats  of  Differential  Calcuhu Wno,  4  00 

Brlggs'a  EUmcnU  of  Plane  Anairtic  Ceometxr ,  .lama.  I   oo 

Coffipton**  Manual  of  Locaritbmic  Computations. tamo,  t  50 

Davis's  InlriMuction  to  the  Logit;  of  Alffbra , 8vo,  i  50 

*  DickioD'i  College  Algebra Larco  laao.  i  so 

*  IntToduciion  to  the  Theory  of  Algebraic  K<ualions Large  iimo,  i   sj 

Emcb's  Introduction  to  Projective  Geometry  and  its  Applications.. .    .      .8vo,  a  50 

Halsled't  Elements  of  Geometry Hvo,  1   73 

Elementary  Synthetic  Geometry Svo,  t  50 

Rational  Geometry laou.  1  75 

*  Johnson's  (J.  B.>  Three-place  Logarithmic  Takles:   Veat-pocket  tUt  paper,  15 

100  copies  (or  s  oo 

*  Monoted  on  heavy  cardboard,  9  v  10  inches,  35 

lo  copies  lor  a  oo 

Johnson's  (W  W.'t  Elementary  Treatise  on  Diflereotial  Calcnhu.  SmaUfh-o,  j  00 

Elemenury  Treatise  on  the  Integral  Calculus SmaU  8vo.  i  50 

Johnson's  (W.  W.)  Curve  Tracing  in  Cartesian  Co-ordinates.                 tamo,  i  00 
Jt^DSon's  (W    W.)  Treatise  on  Ordinary  and  Partial  Diffeienllal  EQtiationi. 

SmaU  8vo.  j  5a 

Johnson's  (W.  W.)  Theory  of  Errors  and  the  Method  of  Least  Squares  iicio.  1  50 

*  Johnson's  1 W   W.'i  Theoretical  Mochanfcs .    .  .    i2mo.  3  00 

Laplace's  Philosoptiical  Essay  on  Probabilities.    (Truscott  and  Emory.')   latno,  a  oo 

*  Ludlow  and  Bass.     Elements  of  Trigonometry  and  Logarithntlc  axul  Other 

Tablet-    .tro.  j  00 

TrigonomelrT  and  Tables  publiatxed  separately Each,  a  00 

*  Ltidlow's  Logarithmic  and  TrIgonnmetTic  Tables.     ...                    .     8to.  a  00 

Maaolag's  Irrational  Numbers  and  their  Reprcseuutioo  by  Sequcocas  and  Series 

lamo  I  S5 
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MctbemaUuI  Moitocr*p)u-     E<liUd  ty  UuuSeld  Mcmiiua  tai  Robert 

S,  Woodward ....  .OcUto.  each    i  oo 

ITo.  I,  HUtoir  of  HodsTD  Mathcrtutics,  br  Darid  Eu«rne  Sratth. 
Ifo.  >,  Synthetic  Projective  Gconetrr.  br  Ctorge  Bruce  Batsted. 
Ito.  3.  D«t«nnin«nta,  bjr  Laeiuu  Glflord  Wald.  Ho.  4.  Uypar- 
boti<  FunctJona.  by  Jftnm  McM«bon.  Vo.  $.  Harmooic  Func- 
tions, br  William  E.  Bycfly,  Ro  6,  Gramuaon't  Space  Analytij. 
by  Edward  W  Hrdr.  No,  7.  PTohabJlity  aod  Theory  ol  Erron, 
bjr  Robert  S.  Woodward.  Ho.  8.  Vector  Aoalrtia  tind  OualcrnioQSt 
by  Ataxaoder  SUcfiirlaae.  Ho.  0.  DiflerentiAl  E^iutloni,  br 
WiUiam  Woobcr  JohnMn.  Ho.  10.  The  Solution  of  Equation*, 
by  Maaifiold  Mcrrtoiai].  No.  11.  FaacUouiof  a  Complex  Variable, 
bf  Thoniat  S,  Fi<kr, 

)Iaur«r*9  Trclinical  Mcchanict 8vo.    4  OO 

Merrinun's  Uciiiod  of  Lcaal  Squaret. .    , .    Hvo,    a  oo 

Kicaand  Johnson'f  Elementury  TreatiMontbaDUIareattalCaleulW-  Sm.  8vo,    3  oe 

Diflerenlial  and  Integral  Cakuluc     a  vola.  In  ons. Small  8vo,    a  50 

Wood's  Elements  ol  Co-ordinate  Geotnctiy 8vo,    a  00 

TrigononMtry :  Analytical,  Plaoe,  and  Spberical  ...  .      1  ^mo.     1  00 


HECHAmCAL  ENGINEERtHG. 
MATERIALS  OF  EHGIHEERUVO.  STEAM-EHGIHES  AHD  DOILEKS. 

BMOo'a  Porfe  Practice. _ ...                            . .  laoio.  i  90 

Baldwin's  Steam  fieatioc  for  BuUdioci.  .,^. ..,..,..., .                            timo.  a  50 

Barr'a  Kinematics  ol  Machinery , ',.•.*«■■                          '   S\n,  2  50 

"  BartJett'a  Blecbaclcal  Urawinc. .■■.^ 8vo,  3  00 

*  Abridfed  Ed. . fivo,  15a 

BcQJamla'i  Wrlnkiei  and  Recipe*.     _ . .  iimo.  a  00 

Carpenler'i  EzperimenUl  Eofiiieeiioc .  .  ■   8to.  6  00 

Heatinf  and  Venlilaiing  Buildings.    .  .                                                      ftvo,  4  00 
Cvr'ft  Smoke  Suppresaioa  in  Ptaati  uiinc  Bitumioau*  Coal     (In  Prepara- 
tion.) 

Ckrk'a  Gas  and  Oil  EoEioe. Small  Svo,  4  00 

CooUdce'a  Manual  oi  Drawinc. Svo,  paper,  1  00 

CooUdce  and  Freeman's  Ekownta  of  Oeaenl  Draftiac  for  MftCbaoical  En- 
gineer*   t  >  •  • .  r Oblons  4to,  f  50 

CromweU'i  Treatiat  on  Tootbed  GaarinK. t  amo.  t  so 

Trc«liMon  BaltswidPuUays., ...,,«.*-.. .>.^^p<..k>.> tamo,  t  so 

Durlcy's  Kinematics  of  Machine* 8vo,  4  00 

Flatbcr's  Dynamometers  and  tba  MeaaorcmBiit  of  Power lamo,  3  00 

Rope  Onring. i  amo,  3  00 

Gill's  Gas  and  Fuel  Analyxts  tor  Engineers lamo.  ■  35 

Hnll'i  Cur  Lubricittiun , .      lamo,  1  00 

Uering's  Ready  Reference  Table*  iCBQruiiUL  VactonJ.^. . . . .  |6ao,  morocco,  a  50 

Hution's  The  Gas  Engine.  ...,..,« ,.*... Ivo,  S  OO 

Jamison's  Mechanical  Drawing Svo,  a  50 

Jones'a  Machine  Design: 

Part  I.     Kinematics  of  Hacbtncry. .  Bto,  t  50 

Part  n.     Form,  Strencth.  and  Proportions  of  Parts. . , Svo.  j  00 

Kent's  Mechanical  Engineers'  Pocket-book.  .....         f  6aie,  morocco,  3  00 

Eerr's  Power  and  Power  TransiniBioa. .Sro,  a  00 

Lconard'a  Machine  Shop,  Tooh.  and  Method* Svo,  4  00 

*  Lorent's  Hodcra  Retrigerating  Machinery,    i^pe.  Haven,  and  Dean.t     Svo.  4  00 
HacCord's  Kinenuticx;  or   Practical  Hechanisa.                                   .  .  -  .Svo,  5  00 

Mechanical  Drawing 4to.  4  00 

Velocity  Dtagnint.         Svo.  1  $0 
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HccFuluid't  Standard  Rsdoetioii  Factoia  for  Oa— c. 8ro,  i  g* 

Maban'i  lodustKal  Dnwiiic.     (Thompaoo.] Sro.  3  jo 

Poole'i  Calorific  Power  of  Foelt. 8to,  3  00 

fieid'l  CooTBe  in  Mechanical  DnHring. 8*0,  2  00 

Text-book  of  Mechanical  Drawiog  and  Elemantary  Machine  DeaiKn.Svo,  3  00 

Richard'i  Compreaaed  Air iiino,  i  50 

Robinson'i  Principles  of  Hechaninn. 8vo,  3  o» 

Sdnramb  and  Merrill's  Elements  of  Mechanism. 8to.  3  00 

Smith's  (O.)  Prev-workinc  of  Metak. Svo,  3  00 

Smith  (A.  W.)  and  Marx's  Machine  Dcdcn. Sn>,  3  00 

Thurston's  Treatise  on  Friction  and  Lost  Work  in  Machinery  and   MiD 

Work. 8vo,  3  CO 

AnimalasaMachineandPrimeMotor.andtheLawiof  Bnoxetlcs.izmo,  i  00 

Warren's  Blemcnta  of  Machine  Constrvctlon  and  Drawinc. 8to,  7  5~ 

Weisbach's   Kinematica   and   the   Power  of   Transmission.    (Hemnans — 

Klein. } 8to,  5  oe 

Machinery  of  Transmission  and  OoTemors.     (Hermann — EMo.).  .Sro,  5  00 

Wolff's  Windmill  as  a  Prime  Mover. 8to,  3  oa 

Wood's  Turbines. .Sro,  2  5a 


MATERIAtS  OP  BRGniEERIHG. 

*  Bovey's  Strencth  of  Materials  and  nwoiy  of  Stmcturea. 8to,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Eacineeiinc.    6di  Edition. 

Reset. 8to,  7  $» 

Church's  Mechanics  of  Enfincerine. , Svo.  6  oe 

*  Greene's  Structural  Mechanics 8vo,  z  50 

Johnson's  Materials  of  Construction. 8n>.  6  00 

Keep's  Cast  Iron 8vo,  a  50 

Lanza's  Applied  Mechanics. Svo.  7  50 

Martens's  Handbook  on  Testlnc  Materiala.     (H«nnlnc>) 8to.  7  §» 

Maurer's  Technical  Mechanics. 8to,  4  00 

Merriman's  Mechanics  of  Materials 8to,  s  00 

Strength  of  Materials lamo,  t  00 

Hetcalf' s  Steel.     A  manual  for  Steel-users. lamo,  a  00 

Sabin'3  Industrial  and  Artistic  Technology  of  Paints  and  Varnish.    8vo,  3  oe 

Smith's  Materiate  of  Machines lamo.  i  00 

Thurston's  Materials  of  En£ineent>g 3  vols.,  8to.  8  00 

Part  II,     Iron  and  SteeL 8to,  3  50 

Part  III.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8to.  a  50 

Text-book  of  the  Materials  of  Construction 8to,  5  00 

Wood's  (De  V.)  Treatise  on  the  Resistance  of  Blaterials  and  an  Appendix  on 

the  Preserration  of  Timber 8to.  3  00 

Elements  of  Analytical  Mechanics- 8to.  3  00 

Wood's  (M.  P  )  Rustless  Coatings:   Corrosion  and  Electrolysis  of  Iron  and 

Steel 8to,  4  00 


STEAM-EWGIHES  AKD  BOILERS, 

Berry's  Temperature-entropy  Diagram lamo,  i  a5 

Carnot's  Reflections  on  the  Motive  Power  of  Heat.     (Thurston.) lamo,  i  90 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book. . .  .i6mo  mor.,  5  00 

Ford's  Boiler  Making  for  Boiler  Makers iSmo.  i  00 

Goss's  Locomotive  Sparks. 8to,  2  00 

Hemenway's  Indicator  Practice  and  Steam-engine  Economy lamo,  a  00 

u 


I 


'Buttoti'«  Hcctunkal  Bncine«rlnc  of  PMrarPlantt 

HB»t  and  Hcal-cngin**. ... 8»o 

Kvat'i  Steam  boiler  Economy 0to, 

Kneats'i  PTacIice  anil  tbeorr  of  lh«  Injtctor. 8to. 

■uCord's  SlidF-Tih-n. Svo. 

Hcvef'i  Modern  Locomotive  Conslmctlon. ■•••> 4t«,  i 

Pcabody'a  Mamul  of  Ibc  Stesm-enKUe  Indicator. fimo. 

TftbiH  of  tbe  Properties  of  Saturated  Steam  and  Other  Vapon    .  . . ,    8ro, 

Tbermodynamics  of  tbe  Ste«m-cnsi°<  aod  Other  Ueai-«Dcui«s. Svo, 

Valre-ccarv  for  Sleam-cncine*. ^. 8to. 

Pubody  and  UlUei's  Steam-boi:en. , , 8to. 

Pray'i  Twenty  Years  with  tbe  Indicator. ..........    tugt  Svo, 

Pupln's  Thermodynaailci  of  RcTcniblc  Cycln  la  Gasea  and  Saturated  Vapors. 

lOsterberE.  t.  .  ,  lamo. 

Reacan's  Locoaolivet:   Simple   Ci>ai;>(>und,  and  Electric •*.,.. lamo. 

Rant<en*B  PrincipLei  of  Thcrmodnuunici.     (Du  Boi».>. 8rOt 

Sinclair*!  Locomotive  Enjtine  Running  and  Hanasement lamo. 

Smart's  Handbook  of  Enginecrioc  Laboratory  Practice tanw. 

Snow's  Stoam-boiki  Practice. • .8vo, 

Spang'or'B  Valve-xcan Sto. 

Rotes  on  Thermodynamic*. .     tamo. 

Spaogler,  Greene,  and  Harthall's  Elements  of  Sleam-cn(lneeriQf 8vo, 

TbomKi'a  Steam-turbines       . .  ....... 8vo. 

Tburvton's  Bandy  Tablet. 8to, 

Haouat  of  the  Steam-cncine.       1  Tok..  8vo.  i 

Part  L     History,  Stnicture,  and  Theory •...»......* Sro, 

Part  II.     Desisn.  Construction,  and  Opcratloiu 8v«. 

Handbook  of  Engine  and  Bollar  Tiiah,  and  tha  TTm  o(  tba  Indicator  and 

the  Prony  Brake. Svo, 

StstLonarr  Steam-engines. 8vo, 

Steam-boiler  Exptodona  In  Theory  and  la  Practice lamo. 

HanuAl  of  Stram-boilers.  their  Pesigrs.  Construction,  and  Operation. ., .  .8ro, 
Webrenfenniog'sAnAlysis  and  Softening  of  Boiler  Feed-Water  (pBttanoit)  Svd, 

Weisbflch's  Beat,  Steam,  and  Ste*n'«iicln«s.     (Du  Bois..) Bvo, 

Wtaitham'a  Steam-engine  Design , .      .      &to. 

Wood's  Thermodynamics,  Beat  Motors,  And  Refrigerating  Machloca. .  .8t«, 


^^trr'a 


MECHAIflCS  AMD  MACHINERY. 


I'm  Kinematics  of  Machinery 9eo. 

*  Bovey's  Strength  of  Materials  and  Tbeoir  of  Sinicturea 8*0, 

Chase's  Ttie  Art  of  Pattern- mak Lag. .    iimo. 

Church's  Mechanics  of  Engineering. .  .8«i>, 

Botes  and  Etamples  In  Mechanlci Sen, 

Complon's  First  Lessons  In  Hctal-work!ucika.d;s.<3>^>'.'%f-.>tf..,    tsrao, 
Compton  and  De  Groodt's  The  Speed  Laliia. ., v laiao. 

»Cromw«U*s  Traatlsa  oc  Toothed  G«arin|,,,.,..,  .ii,.«(;'.ii iimo, 
Treatise  00  Belts  and  Pulleys. ..    lamoi 

Dam's  Text  book  of  Elementary  Uechanlca  tor  CoQcgea  and  Schools    .  lamo. 

Diogey's  Machinery  Paileni  Making .  .  lama, 

_        Dredge's   Record  of   the    rranaportatioa  Exhlblu  BuOding  of  the  Woild's 

■  Columbian  Espoalllon  of  t8g>    .    .    410  baU  morocco. 

K  u  Bols's  ElcmesUry  Principles  of  Mechanics; 

I  VoL      L     Kioematics g^o, 

B  Vol    n.    Suiica ,...,.  .     Bvo, 

■  Hecbanlcfl  of  Engineering.     Vol.    I, .  ..^ Small 410, 

I  Vol.  11. '.,....«.. SinaU4to. 

I      Dorley's  Kinematics  of  Machioet. g^o. 
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Fiticerald'f  Bosbm  Machuurt. i6ino,    i  oo 

Flsther's  Pyoamometcx*,  and  the  Mumrement  of  Power lamo,    3  00 

Rope  DriviDf. lamo. 

Gow't  Locomotive  Sparki. 8to, 

*  GreeDc's  Stnicturel  Mechanics. 8to, 

BalTa  Car  Lubrication. lamo, 

HoQr'f  Art  of  Sew  Filint iSnio, 

James'i  Kinematica  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

Snmll  8to, 

*  Johnson's  (W.  W.)  Theoretical  Mechanirs. ismo, 

Johnson's  (L.  J.)  Statics  by  Graphic  and  AlcabraJc  Methods. *  . .  .8to. 

Jones's  Machine  Desicn: 

Part    L     Kinematics  of  Machinerr.    8to, 

Part  n.    Form,  Strencth,  and  Proportions  of  Parts. 8to. 

Kerr's  Power  and  Power  Transminioo. 8to, 

Lanza's  Applied  Mechanics. 8to, 

Leonard's  BlachlDe  Shop,  Tools,  and  Methods 8to, 

*  Lorenz's  Modem  Refrigerating  Machinerr.     (Pope,  Haven,  and  Dean.)  .8ro, 
MacCord's  Kinematies;  or.  Practical  Mechanism. Sro. 

Velocity  Diagrams. 8vo, 

*  Martin's  Text  Book  on  Mechanics,  Vol  I.  SUtics. lamo, 

Maurer's  Technical  Mechanics. 8to. 

Merriman's  Mechanics  of  Materials. 8vo, 

*  Elements  of  Mechanics i3mo, 

*  Hichie's  Elements  of  Analytical  Hechaidca. 8to, 

*  ParshsU  and  Hobart's  Electric  Machine  Deaitn 4to,  half  morocco,  t 

Reagan's  IxtcomotiTcs     Simple,  Compound,  and  Electric lanio, 

Reid's  Course  in  Mechanical  Drawinc 8to,   : 

Text-book  of  Mechanical  Drawinc  u>d  Elementarr  Machine  Desico.Sro. 

Richards's  Compressed  Air. lamo, 

Robinson's  Principles  of  Mechanism. 8to,    . 

Ryan.  Horns,  and  Hozie's  Electrical  Machinery.     VoL  L 8n>, 

Sanborn's  Mechanics:  Problems Larie  ismo, 

Schwamb  and  Merrill's  Elements  of  Mechanism. Sro, 

Sinclair's  Locomotive-engine  Running  and  Management. izmo. 

Smith's  (0.)  Press-working  of  MeUls 8vo, 

Smith's  (A.  W.)  Materials  of  Machines izmo. 

Smith  (A.  W.)  and  Marx's  Machine  Design. Svo, 

Spangler,  Greene,  and  Marshall's  Elements  of  Steun-engineering 8vo, 

Thurston's  Treatise  on  Friction  and  Lost  Work  In    Machinery  and    Hill 
Work 8vo, 

Animal  as  a  Machine  and  Prime  Motor, and  the  X.awc  of  Energetics.  lamo, 

Warren's  Elements  of  Machine  Construction  and  Drawing 8vo, 

Weisbach's  Kinematics  and  Power  of  Transmission.   (Herrmann — Klein. ).8vo, 

Blachinery  of  Transmission  and  Governors.      (Herrmann — Klein. ).8to. 
Wood's  Elements  of  Analytical  Mechanics. Sro, 

Principles  of  Elementary  Mechanics. Jimo, 

Turbines 8vo.    ; 

The  World's  Columbian  Exposition  of  i8g3 4to,    : 


METALLURGY. 

Egleston's  Metallurgy  of  Silver,  Gold,  and  Mercury. 

Vol.    I.      Silver 8vo,  ^^-     50 

Vol,  II.      Gold  and  Mercury 8vo,  -^    50 

Goesel's  Minerals  and  Metals:      A  Reference  Book , i6mo,mor.  r^»    00 

•*  Iles's  Lead-smelling,      f  Postage  g  cents  additional.) iimo,  ^9    so 

Keep's  Cast  Iron 8vo,  ^    50 
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Kunhardt'i  Pncllcfl  ol  Ot«  DrvMing  tn  Europ* ,  Bro. 

L*  CtuUticr'i  Hisfa-teint>cr«tute  Mcuuraments.  I  BoudouArd — UurgtM,  )i3a>o. 

Uatcatfc  Steel.     A  lianu«l  for  Slt«l-U(en umo, 

Hillcf 's  Cyanid*  Process.  . . lamo, 

Mioet's  Ptoductioa  of  AJuniinum  mad  iu  Isdnrtrwl  Dm.     (WaM(t,)t,.  .isbm. 

Soblne  and  Lenf  ten's  Cranide  Induttry.     i  Lc  ClerO. ,. 8vo, 

Smith'i  Italtnab  of  Hachineit.  . iJiaOt 

Diurstoo't  MatfrUils  of  GnfinMrinc.     In  Tbrta  Parts.  ....  .Svo. 

Pari    11.     Iron  and  Steel .  .    .     8«o. 

Pari  111.     A  Tr«mlis«  oo  Brawn.  Bronsvs,  and  Othar  AUoyi  and  their 

Constituents.  ,  ,     , Riro, 

Ulkc's  Modem  BUctrolytlc  Copper  Rcttalng. 8to, 


MINERALOGY. 

BafTingor's  D«scripHen  of  HirKrak  of  Conmcf ci«]  VahM.    Oblonf,  mM-oceo. 

BoTd's  Resources  of  Southwest  Yirilala 8vn, 

Hap  of  Southwest  Vtrifnia I^Dclwl-boek  form. 

Brush's  UanuAl  of  Determinative  Hlneraloffy.     (PeoAeld.) tvo, 

Ch«»ter's  Catalogue  of  Hincrals. I Vvo,  paper. 

Cloth, 

Dictionary  of  tbe  Names  of  Uiserals 8to 

Dana's  Sntem  of  Minerslocy.  .  .  Lmv*  Bro. halt  iMther    i 

First  Appendix  to  Dana's  Hew  "  SfMam  ot  Mineratogr."      , .   Large  Svo, 

Text-book  of  Mineralogy ....      Svo, 

Minerals  and  How  to  Study  Them  .  ...  i3mo, 

CaUloRue  r>(  American  Localities  of  Minerab. . .  .  Larr*  Svn. 

Hanaal  of  Mineralogy  and  Pclrofiaphy. .  .  i3inu, 

Douglas's  Vntechnlcal  Addr»ss4>s  on  Technical  Subjects.  ismo, 

Eakle'c  Mineral  Table*.  ■  Svo, 

Egleston'i  Catalogue  of  Miacrals  and  Synonyms. 8va, 

Goescl's  Mlnaralsand  Meials;     A  Reference  Book  ttoie.mor 

Orotb's  latroduclion  to  Chemical  Crysuilngraphy  i  Marshall}  iiino, 

Buaaak's  Tbe  Deierminaiioo  of  Rock-torming  Minerals.    iSmltb.  i. Small  8vo, 

MertUrs  Tfon-mclaUlc  Minerals'   Tlielr  Dccurrcrtce  and  Uses Mvo, 

*  Peoflekl't  Ifotcf  on  Determinative  Mineralogy  and  Record  ot  Minarat  Tetti. 

0VO.  paper. 
Rosenbusch's    Mlcroacoplcal   Pbyslogtapby   of   tb«   Rock-making  Mlnsrals. 

(Iddings.) *vo, 

■  TUlmao'a  Text-book  of  Important  Minerals  and  Rocka.  . .  .  Nvo, 


50 


HIHITfO. 


Beard's  Ventilation  of  Mines *..*«••..•> 1 1»liw,  a  90 

Boyd's  Resources  of  Southwest  Virginia.  ..,, .Bvo,  j  00 

Map  ol  Southwest  Virginia .^ck«t-lkMk  form  >  00 

Douglas's  UnteclinicAl  Addresses  on  Teehnlul  Stiblscts.  .     .                      iimo,  i  00 

*  Drinker's  Tunnaiing,  Esplotlve  Conpouoils,  and  Aeck  Dflib..4lo.lJ.  mof.,  a*  ■». 

Biaaler's  Hodara  High  Exploaliea. ^..^.> .  .i'-*  4     >■ 

Ooaaal's  Minerals  and  Metals-     A  ttaferanca  Book r.  ,.16010,  mor.  j  «a 

Ooodycar's  Coal-mlius  of  th«  Wastarn  Coaat  of  Ike  Unttad  ItolM..      .   iimo,  a  «o 

Ihlseng'*  Manual  of  Mining, frvo.  g  <m 

**  IWs  Lead'SmeUng.     (i*oalagaoc  additional)......,. , . .                  isma,  s  9a 

Kunhatdi'i  Prscilce  of  Ore  Dresalng  In  Knfope >•■•    .                      8vo,  1  (o 

Miller'*  Cyanide  Praccsa, .■••>''••«•••  6a  •■ tamo,  I   00 
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-0*l>rlse«>irt  Kotcs  on  the  TrMtment  of  OoM  Onu Bra, 

RoUae  and  Len^eo^  Cyanide  Indvftrr.     (Le  Ckrc) 8m>, 

•  Walkc't  Lecture*  on  Ezpkwlm. Sve, 

WesTer's  Military  EzplosiTea. Svo. 

Wikon'a  Cranide  Ptoccmm. lamo, 

Cfalorinatlon  Ptoccm. laaio, 

HTdraolic  and  Placer  Hinini. ixmo, 

Treatiae  on  Practical  and  Theoretical  Mine  TenOIation. lamo. 


SAIOTART  SCIEHCE. 

Basfaofe't  Sanitation  of  a  Country  Honae lamo, 

*  Ontlinea  of  Practical  Sanitation. izmo. 

FohreO'a  Sewerage.     (PeaignJin,  CoHtmetioii,  and  HnlnteaaDce.) 8to. 

Water-supply  Enfineerfnc. 8to. 

Fowler'a  Sewace  Worka  AnalyiM lams, 

Foertca'a  Water  and  Public  HealtlL izmo, 

Water-fittration  Works. lamo. 

Gerhard's  Guide  to  Sanitary  Houae-inqiection i6t&o,    i 

Goodrich's  Ecooomic  Disposal  ot  Town's  Refuse Demy  Svo,    3 

Hazen's  Filtration  of  Public  Water-suppBes. 8td,    3 

Leach's  The  Inspection  and  Analy^  of  Food  with  Special  Reference  to  State 

Control 8to,    7  5^ 

Mason's  Water-topply.  (Considered  principally  from  a  Sanitaiy  Standpoint)  Svo,   4  oc» 

Eiamlnation  of  Water.     (Chemical  and  Bacteriological.). tamo,    1  as 

Ogdea's  Sewer  Design. ismo,    a  o^ 

Prescott  and  Winslow's  Elements  of  Water  BacterioloffT*  with  Special  Refer- 
ence to  Sanitary  Water  Analysis. lamo, 

*  Price's  Handbook  on  Saoitatioo. xamo, 

Richards's  Cost  of  Food.     A  Study  in  Dietaries lamo. 

Costiof  Living  as  Modified  by  Sanitary  Science. lamo. 

Cost  of  Shelter lamo, 

Richards  and  Woodman's  Air.  Water,  and  Food  from  a  Sanitary  Stand- 
point   8ro, 

*  Richards  and  WitllaniB's  The  Dietary  Computer Svo, 

Rideal's  Sewage  and  Bacterial  Purification  of  Sewage. 8<ro, 

Turneaure  and  Russell's  Public  Water-supplies 8to, 

Von  Behring's  Suppression  of  Tuberculosis.     (Bolduan.) lamo, 

Whipple's  Microscopy  of  Dr  in  Icing- water 8to, 

Winton's  Microscopy  of  Vegetable  Foods 8to, 

Woodbull's  Kotes  on  Military  Hygiene i6mo, 

*  Personal  Hygiene lamo. 


MISCELLANEOUS. 

De  Fursac's  Manual  of  Psychiatry.     (Rosanoff  and  Collins.). . .  .Large  ramo,  a  5c 

Ehrlich's  Collected  Studies  on  Immunity  ( Bolduan) Svo,  C  00 

Emmons's  GeoloKical  Guide-book  of  the  Rocky  Mountain  Excursion  of  the 

International  Congress  of  Geologists Large  Tvo,  t   5. 

Ferrel's  Popular  Treatise  on  the  Winds Svo.  4  00 

Haines's  American  Railway  Management lamo,  a  50 

Mott's  Fallacy  of  the  Present  Theory  of  Sound i6mo>  I  00 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute,  1834-1894.. Small  8vo,  3  00 

Rostoski's  Serum  Diagnosis.      iBolduan.) lamo.  I  00 

Rotherham's  Emphasized  Hew  Testament , Large  Svo,  a  00 
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Steel's  Treatise  on  the  Dlteuet  of  the  Doc. Sn.  3  so 

The  World's  ColumbUui  Txposition  of  i8q3 4to,  i  oo 

Von  Behrins*s  Suppression  of  Tuberculosis.    (BoMuad.) lamo,  i  oo 

Winslow's  Elements  of  Applied  Hlcroscopr lano,  i  30 

Worcester  and  Atkinson.     Small  Hospitals,  EstabUshmeot  and  Maintenance: 

SucgeationsforBospltalArchltcctura:PlaosforSinallHoipital.i3iiiO(  i  as 


HEBREW  AND  CHALDEE  TEXT-BOOKS. 

Green's  Elementary  Hebrew  Gnumnar. tamo,  i  aS 

Hebrew  ChrestomathT 8to,  a  00 

Gesenius's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Testament  Seriptures. 

(Tregelles.) Small  4to,  half  morocco,  s  00 

Letteris's  Hebrew  Bible 8to,  a  33 
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